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Just one of the outstanding qualities of Brymill 
‘‘Hitenspeed’”’—-which can be machined at the same 
speeds as the best free-cutting steels—and is 
effecting increased speeds in industrial production 
and drastic reductions in cost. 

Its physical properties comply with B.S.I. specification 
EN.21R and its high impact, fast machining and high 
tensile strength ensure increased tool life and no loss in 
quality of finish. 


Full information gladly supplied on request. 
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THE deposition of a film of liquid petrol on the 
walls of the intake pipe, caused by low temperatures 
and high boiling fractions, may have harmful 
effects on the operation of a petrol engine. 
Liquid petrol carried into the cylinder will not 
only be uneconomical but also wash the lubri- 
cating oil film off the cylinder walls especially 
at the top of the cylinder, and this is particularly 
harmful, as maximum wear usually occurs near 
the top position of the first piston ring, even under 
normal lubricating conditions. Furthermore, the 
petrol carried into the crankcase will cause dilution 
of the lubricating oil, thus reducing its viscosity 
and, consequently, its load carrying capacity. 
The deposition of fuel in the intake manifold of a 
multi-cylinder engine may also upset the mixture 
distribution, and especially the octane number of 
the fuel reaching individual cylinders owing to 
the dropping out of ethyl fluid, added to present- 
day fuel in order to increase its octane number. 

The various factors influencing the deposition 
of a liquid film of petrol have been the subject of a 
research in the Special Laboratory of the Russian 
Automobile and Tractor Industry. As will be 
seen in the article published on page 393 the author 
has developed a special fuel trap which allows of 
measuring the amount of petrol deposited in the 
intake pipe and he suggests that a fuel trap based 
on the same principles should be developed for 
petrol engines which have to operate under adverse 
climatic conditions. 

* * * 


The article by R. Feldtkeller and E. Stegmaier, 
of the Stuttgart Institute of Technology, investi- 
gates the effect of premagnetisation with a constant 
magnetic field on the complex permeability of 
laminated cores. The diagrams and calculations 
are simplified by introducing the reciprocal of the 
complex permeability, and a formula is evolved for 
the “ inhomogeneity factor ” which takes account 
of the variation of the local permeability within the 
material. Experimental curves are also given and 
these confirm the validity of this theory on the 
effect of premagnetisation on eddy currents. 

* x x 


_ Electrolytic polishing has rapidly established 
itself in industry and research. With copper 
alloys, however, preparation of the specimen must 
be carried out very carefully, and polishing takes a 
fairly long time if a good surface is to be obtained. 
The authors of the article on page 381 have over- 
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come these disadvantages by oscillating the 
specimen in the electrolytic bath. If the polarity 
of the electrodes is reversed after polishing, the 
polished surface can be plated in the polishing 
bath. The authors use this fact in connection 
with the difference in concentration produced 
during the polishing process and obtain very thin 
copper deposits by just short-circuiting the elec- 
trodes. The thickness of the deposit is not 
uniform, but depends on the grain orientation. 
Differences in colour thus give a good contrast of 
grains under the microscope and the effect is equal 
to that of an etching action. This method has the 
advantage over the usual etching reagents that 
the time of application, and, therefore, the 
contrast obtained, can be very closely controlled 
and identically reproduced. 
* x * 

The widespread use of high-volatile bituminous 
coals in conventional handfired heating and cooking 
devices has resulted in serious atmospheric 
pollution in many cities, and in consequence a 
general demand for smoke abatement campaigns 
has arisen. Although most people in Great 
Britain still prefer open fireplaces in their homes, 
nobody can deny that smokeless homes would be 
highly desirable. They would be welcomed not 
only for reasons of personal comfort, but also 
from the national point of view, as re-designing 
of coal fires would result in a substantial saving of 
coal. Particular importance should, therefore, 
be attached to experiments on a smokeless coal 
heater carried out in the United States, and these 
are described on page 389. 

Inventors have been trying for nearly 100 years 
to develop practicable handfired smokeless coal 
heaters. However, the fact that there was no 
such equipment on the market when the studies at 
the University of Illinois began, that is, in 
1935, constituted prima facie evidence that 
some of their problems had not been solved. 
Later, in 1941, a separate investigation was 
started at the Battelle Memorial Institute, with the 
same objectives as the one previously mentioned, 
under the joint sponsorship of Bituminous Coal 
Research and a group of stove manufacturers. 

Largely due to the co-operation of the National 
Warm Air Heating and Air Conditioning Asso- 
ciation, two individual furnace companies, and 
a manufacturer of firebricks, the Illinois Smokeless 
Furnace has now been developed through the many 
necessary stages from the conception of the incor- 
porated design principle to the actual production 
and sale of commercial units. 
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The Effect of Premagnetisation on the Complex Permeability 


of Coil Cores 
By R. FELDTKELLER and E. STEGMAIER. (From Frequenz, Vol. 2, No. 5, May, 1949, pp. 121-130, 17 illustrations.) 


FiGurEs 1 and 2 show the effect of premagnetisation 
on the complex permeability of silicon iron, 0°35 mm 
thick (standard dynamo lamination No. IV). With 
increasing premagnetisation, the diagram formed by 
the curves of constant field strength and constant 
frequency becomes smaller in size and is shifted towards 
the origin of the complex plane. This indicates that 
the influence of hysteresis and eddy currents is con- 
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Figs. 1 and 2. Complex eepeeeeiey of dynamo lamination 
o. IV. 


Components HLR and urr as functions of frequency f and alternating 
field strength Hw, for constant field premagnetisations He = 0 
and He = 1:0 A/cm. 
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siderably reduced with premagnetisation due to a con- 
stant magnetic field 

The effect is more easily appreciated if we con- 
sider the reciprocal of complex permeability 


1 1 1 


ee 





(1) 


Vad LLp LpR 

as shown in Fig. 3, with the frequency f and the ampli- 
tude of the alternating field strength Aw as parameters. 
The diagrams show that premagnetisation shifts the 
curve networks parallel to the ordinate axis. This 
is even more apparent in Fig. 4, in which the alternating 
magnetic induction By is used as a parameter instead 
of Zz. 

Thus, owing to premagnetisation, 1/j is increased 
by a real quantity which is practically independent 

A 

of the parameters By and f, and varies with the type 
of alloy. 


1. THE RECIPROCAL OF REVERSIBLE 
PERMEABILITY 


The point at the lower left-hand corner of the 


diagrams, related to the values f = 0 and Bw = 0, 
is only obtainable by extrapolation, and corresponds 
to the reciprocal 1/urey of the reversible permeability. 
Thus, the value of 1/yrey depends on the premag- 
netisation Hg and the type of material used. 

The value of prey determines the slope of a small 
hysteresis loop obtained by superimposing a very 
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small alternating field strength Aw upon a constant 
field Hg. Reproducible results and stable hysteresis 
loops can be obtained by first switching on the con- 
stant field, and then the superimposed alternating 
field of sufficiently high frequency, up to a peak value 
of about 200 mA/cm. 
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Fig. 5 shows for various materials the measured 
values of 1/yrey for constant field strengths Hg of 0 to 
20 mA/cm, which can be generated for fairly long 
periods of time in “ E” and “ M ” type cores, without 
excessive overheating of the windings. Trafoperm 
25.N.I. is a 2°1 per cent silicon-iron alloy (Heraeus), 
Permenorm 3601 (Heraeus) a 36 per cent nickel-iron 
alloy, and Mu-metal a 76 per cent nickel-iron alloy. 

The curves of Fig. 5 are valid only for cores made 
up of laminations without an air gap. When punchings 
with an air gap are used, and arranged to overlap so 
as to render the gaps ineffective, two air-and-metal 
lattices are formed, through which the constant magnetic 
flux penetrates. The iron within the lattices saturates 
much more rapidly than the iron outside the lattices. 
This is why the inductance of a coil with an iron core 
of this type decreases more rapidly with premagnetisa- 
tion, and the use of such cores can lead to inaccurate 
results for 1/prey (see Fig. 6). 


2. EDDY CURRENTS 


When s. tends towards zero, the effect of hysteresis 
on complex permeability vanishes, and only the effect 
of the eddy currents remains. According to the 
theory of eddy currents, when the alternating flux 
has a constant amplitude, the effect of the eddy currents 
on 1/gf is independent of the premagnetisation. This 
theory is largely substantiated by measurements. 

A closer examination of Fig. 4 shows, however, 


A 
that for extremely low values of By, with increasing 
premagnetisation, the effect of the eddy currents on 
1/j decreases, although the decrease is so gradual that 
accurate measurements are difficult. Thus, for the 
lamination considered, at 9 kcps frequency, the value 
of the reciprocal parallel-resistance permeability is 
1/upp = 1°35 x 10°/uy when Hg = 0, as compared 
with 1/upg = 1°05 10°°/u) when Hg = 10 A/cm 
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Fig. 5 (left). Reciprocals of reversible 
permeability urey as functions of con- {2 
stant field strength Hg. 


Fig. 6 (right). Reciprocals of reversible 4 

permeability of 

dynamo lamination No. IV, with and 

without air lattices formed by over- 

lapping layers of laminations with > 
an air-gap 0-5 mm wide. 
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at the same frequency. The eddy current decrease 
in this region is, therefore, approximately 20 per cent. 
A study of various types of laminations has shown, 
however, that an increase of the eddy currents is 
equally likely to occur. 

According to the theory of eddy currents developed 
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by Wolman [1], the reciprocal of parallel-resistance 
permeability is determined by 

1/upa = wdg?/(12pe) .. vs (2) 
for frequencies below the “limit frequency ” of eddy 
currents. In this formula, w = 27 x frequency, dg = 
lamination thickness, pg = resistivity of laminations. 
Thus, 1/upg is not a function of the reversible per- 
meability prey. 

In view of the fact that dg does not depend on pre- 
magnetisation, and that pg for silicon iron increases 
by only about 1 per cent up to the saturation point [2], 
one might be inclined to infer from eq. (2) that 1/ppp 
is independent of premagnetisation. Test results indi- 
cate, however, that this is not the case, and Fig. 4 
shows that, when Hg = 10 A/cm, the value of 1/ppp 
is 20 per cent lower. It is thus necessary to modify 
eq. (2) by means of a suitable correction factor. 

The effect of premagnetisation on 1/ypg can be 
explained if we assume that reversible permeability 
is not affected by the premagnetisation Hg in the same 
way at the centre of the lamination as in its outer 
layers. Consider, for instance, a case where the value 
of prey decreases [to 100u5 at the surface, and to 150p, 
in the inner layers of the lamination, when Hg = 10 
A/cm. The results of an inductance measurement 
may indicate for prey a value in the vicinity of 125y». 
This variation of » corresponds to an inhomogeneous 
induction and a non-uniform distribution of eddy- 
current density, differing from that of a homogeneous 
lamination with the same permeability value. 

‘This difference is illustrated in Fig. 7, where the 
“local permeability ” (x) is shown as a function of 
the distance x from the centre of the lamination. Fur- 
thermore, the eddy-current density jw(x), instead of 
being a straight line as in the homogeneous case (dotted 
line in Fig. 7b), follows a curve which is proportional 
to Ax + Bx? (solid line in Fig. 7b). The maximum 
value j) is the same in both cases, since the path of the 
eddy currents at the surface comprises the total flux 
going through the lamination. 


[1] W. WoLtmMan: Zeits. f. techn. Physik, Vol. 10, p. 595, 1929. 
[2] O. Strerstapt: Zeits. f. techn. Physik, Vol. 13, p. 65, 1932. 
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Fig. 7. Variation of permeability and eddy-current density 
over the cross-section in h nd non 





laminations. 


In the inhomogeneous lamination considered, the 
eddy-current density is, therefore, everywhere smaller 
than in the homogeneous lamination with the same 
reversible permeability, and this affects the 1/upr 
component of 1/jf in the same way as is indicated by 
the experimental curves of Fig. 4. 
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Fig. 8. Equivalent circuit of a coil with laminated core. 





This effect can be calculated for sufficiently low 
frequencies, by considering the equivalent chain circuit 
of Fig. 8 for the coil. Let w = number of windings 
of the coil, m = number of laminations of the core, 
d, = thickness of one lamination, 6 = lamination 
width, m b dg = total iron cross-section, ] = length 
of the mean line of force. We imagine that the lamina- 
tion is subdivided into thin layers symmetrically to 
the centre of the lamination. Let each half-lamination 
have n layers of a thickness 


dx = dg/(2n) re pe (3) 
the layers being numbered from the centre outwards. 
The »-th pair of layers at the distance + x from the 
centre of the lamination contributes to the inductance 
of the coil with an amount 

dLy (x) = w* mp (x) b dg/(In) 
= 2w* mp (x) bdx/I oe (4) 
and the corresponding parallel admittance of the 
equivalent circuit is 
dGy (x) = dg/[4p(x) w? mbn/I] 
= 2dx /[4w? mp(x) b/T} on (5) 
The circuit impedance R,, determined by the » first 


pairs of layers, is mainly reactive at very low frequencies ; 
the reactance is 


x 
joLy = jw \ dx 2w? mu(x) b/1 me (6) 


0 
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In parallel with this reactance is the very small ad- 
mittance dG, (x). It has little effect on the reactive 
component, but adds to the real component a contri- 
bution 


l eng 
dR (x) =Re [ | dG 9 | 
joLy 


é ints [0 |+-joLy acco | ~ (Ly)? dG(x) 
(7) 





(where Re = real part of the complex quantity) 
and together with eqs. (5) and (6) this gives 


b _ . 2dx 
dR(x) = Ea m— 2 | dx u(x) ] wo 

l w m 4 p(x) b/1 
0 


ore : 
= wo w> m2 = [ \ dx | dx/[p(x)] .. (8) 
0 


The total active impedance of the coil is thus 


de/2 

Re = | dR(x) 5 oe (9) 

0 

and the total inductance is 

de/2 

Lp = w>m—2 dx p(x) ss (10) 

l 

0 


We shall now assume that only the permeability 
u(x) and not the resistivity p(x) is a function of position 
in the iron, since p» is affected to a much greater ex- 
tent than p by premagnetisation. We thus write 





p(x) = pe = constant vee = SBE) 
and express p(x) by 
x k 
(xX) = fy + Me (12) 
d,/2 








which is symmetrical relatively to the centre of the 
lamination. The greater k is, the more the inhomo- 
geneity is confined to the layers near the surface. The 
linear mean value of (x) is the reversible permeability 
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1 
k+1 
The value of the integral occurring in eq. (8) is 
x 
| dx w(x) = wy X + 
k 
0 


Therefore, the contribution of the »-th pair of layers 
to the real component of impedance becomes 





=r 


1 
He x** 1 (dp/2)* .. (14) 
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2 
AR(x) = w* w® m — | py? x? + —— ay Ha x* +? (de /2) * 
lpg +1 
1 2 
| Py (dz 2)*) xe | dx ACES) 
k+1 J 


THE ENGINEERS’ DIGEST 








Fi 
m 


co 


R 





(8) 


(9) 


(10) 


lity 
tion 
ex- 


11) 


12) 


the 
no- 
The 
lity 


14) 


ers 


)- & 


15) 




















| 
24 














= 1 
2% ° +34, 


Fig. 9. Assumed variation of per- 


From eq. (9) we obtain for the real component of the 
coil impedance: 
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: Fig. 12. Inhomogeneity factor » used in calculating the 
{ effect of inhomogeneous permeability on eddy currents. 
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Fig. 13. Measured values of inhomogeneity factor ». 
From measurements on standard dynamo laminations No. IV. 


NOVEMBER, 1949 Volume 10, No. Ii 





Fig. 10 (atove). Variation of permeability 
Sate when » is zero at the lamination surface. 


meability over the cross-section of the Fig. 11 (right). Variation of permeability 1 | 
lamination. when u is zero at the centre of the 34, e) +54, 
(umax at the surface). lamination. 
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we thus obtain the parallel admittance 
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As, furthermore, 


1 l 
—_—_- s/s ————————-__.... -- GCF 
Rp w W? ppg mb dz 


the reciprocal of the parallel-resistance permeability 
becomes 


1 wd,”  ( By ) 6 Hy be 
LPR 12 pg rev (k 4 1) (Rk T 3) Hrey* 


3 ( Be . 
ae: ) ] 7 -- (20) 
(2k+3)(R+1)? \ prev 


This equation, therefore, replaces eq. (2) in the case 
of an inhomogeneous distribution, and includes the 
correction terms required in order to obtain agreement 
with the observed results. 

For practical calculations, eq. (20) can be rewritten 
in a more convenient form. Instead of having the 
permeability », at the centre of the lamination and 
Ht, + pe at the surface, we shall use the reversible per- 
meability rey at the centre and prey + 4 at the lamina- 
tion surface. Then, from 

















Hy + He = rev + Sp 

and from eq. (13), we have 
f= prev—4p/k.. .. .. (22) 
Be = (Rk + 1) Sp/k ‘3 ss (2%) 


Substituting these values in eq. (20), we obtain, 
after a few simple transformations, the relationship 


1 cdg? [ 2 Au 
= 1— 
PpR 12 PE R32 Hrev 
2 4p \? w d;” 
4 ( ] =——7 (23) 
(k | 3) (2k T 3) Mrev 12 PE 


which is valid for all values of k. The corresponding 
curves for k = 1, 2, 3, 5 are shown in Fig. 9. This 
formula shows that the original eq. (2) requires an 
“inhomogeneity factor ” » which takes account of the 
variation of permeability in the lamination. 

The curves of Fig. 9 show, for instance, the per- 
meability variation in a lamination for which the per- 
meability at the surface is 1} times greater than the 
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mean reversible permeability. For higher values of , 
the permeability within the lamination is more uni- 
formly distributed and closer to prey. 

When the permeability decreases from the centre 
outwards, 4 is negative, 1/upp increases, and the 
effect of the eddy currents on 1/f becomes greater as 
compared with the homogeneous lamination. The 
possible distributions are shown in Figs. 10 and 11. 
In Fig. 10 it is assumed that the permeability is zero 
at the surface of the lamination. This is obtained by 
putting 


Ap =  irpy o. ee (24) 


In Fig. 11 it is assumed that permeability is zero at the 
centre of the lamination. According to eq. (22), we 
then have 


A= +hatrey 5. ws) 


Numerical values for 7 obtained by means of eq. 
(23) are given in Fig. 12. The curves show that the 
value of the factor k, which is a characteristic of the 
form of the inhomogeneity, does not greatly affect the 
overall effect of the eddy currents. 

The value of the correction factor 7, which, in 
accordance with eq. (23), is to be added to eq. (2) for 
inhomogeneous laminations, is 


7 = 12 pe/[wupr de] .. -- (26) 


and it can be determined from measured values of 
1 /upg When the resistivity pg and the lamination thick- 
ness dg are known. Fig. 13 shows values of this 
inhomogeneity factor obtained from measurements on 
three cores of standard lamination material No. IV 
of different manufactures. The mean values pp = 55 
micro-ohm cm and d, 0°35 mm have been used in 
conjunction with eq. (26), since we are less interested 
in the absolute values than in the variation with pre- 


magnetisation. With these values we have :— 
12 ps 12 x 55 





ony x 10? x an x 10° x 35* x 10% 
= 6850/f [sec/kilocycle] oe ie (Qi 
Thus, according to eq. (26), the inhomogeneity factor is 


7 = 6850 po/(furr) +. .+ (28) 
The values of Fig. 13 are calculated from this last 
formula. When H = 0, we have 7 = 1:0, correspond- 
ing to a constant permeability throughout the entire 
cross-section of the laminations considered. 

With increasing premagnetisation the value of 7 
either increases to 1:2 or decreases to 0°8. On the 
basis of Fig. 12 we can assume that 7 = 1:2 corresponds 
to a permeability which is approximately 50 per cent 
lower at the surface than the mean value, while » = 0°8 
corresponds to a permeability which is 70 per cent 
higher at the surface of the lamination, assuming that 
the value of k is equal to 2 or 3. 

As at frequences well above the limit frequency of 
the eddy currents the entire flux is displaced from the 
inside of the lamination to the superficial layers, the 
magnitude of ~ depends primarily not on prey but on 
the permeability of the superficial layers only. Thus, 
it would be possible to measure this value independently 
of the variation of the eddy currents, and this could 
then be used as a check on the extension to the theory 
of eddy currents which is given in this article [3]. 


3. RESIDUAL LOSSES 


Fig. 14 shows the values of 1/a for a standard 4 
per cent silicon-iron lamination 0°35 mm thick, for 
various premagnetisations. In this lamination 1/ppz 
decreases from 1:2 to 1:0 x 10-3/u) when f = 9 kcps 


wp dg” 


[3] E. PETERSON and WRATHALL: Proc. Inst. Elec. Eng., Vol. 24, 
p. 275, 1936. 
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the hysteresis effect with premagneti- 
sation. 
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and By = 0, so that this again shows the different 
effects of premagnetisation on reversible permeability 
in the inner and outer layers. This decrease of the 
reciprocal of the parallel-resistance permeability 1/ppr 
is changed into a marked increase of 1/upp in the lower 
part of the audible frequency region. At a one-kilo- 
cycle frequency, 1/pp increases from 0:2 10°3/py 
without magnetisation, to a value exceeding 0°4 x 10*/y, 
when Hg=20 A/cm. For high values of Hg, the origin 
of the curvilinear network, which is obtained by ex- 


A 

trapolation for f = 0 and By = 0, no longer appears 
to be situated on the ordinate axis. For high pre- 
magnetisation values the lamination shows residual 
losses which are perhaps related to the magnetic hystere- 
sis and which normally have only a slight secondary 
effect in laminated cores in the audible frequency 
region [4]. In this regard, more accurate data could 
be given if the complex permeability were also known 
at very low frequencies. It would then be possible 
to see whether and to what extent the dotted extra- 
polation curves plotted in Fig. 14 correspond with 
observed values. Exploratory measurements lead one 
to expect that at low frequencies 1/y,p decreases and 
1/upr increases. 


4. HYSTERESIS 


Experimental evidence, as exemplified by the curves 
of Fig. 4, shows that the effect on 1/# of varying the 


[4] V. Lege: Bell System Technical Fournal, Vol. 15, p. 39, 1936. 





value of the alternating magnetic induction Bw is 
practically independent of premagnetisation. This re- 
sult is also apparent in Fig. 15, in which the decrease 
of 1/pzp at low frequencies is plotted against the pre- 


magnetisation Hg, with By as parameter. The effect 
of premagnetisation is hardly noticeable except in the 
vicinity of Hg = 10 A/cm. 

Fig. 16 shows the variation of 1/u,p and 1/pp for 
a dynamo lamination of different manufacture. The 


effect of By is particularly pronounced in the neigh- 
bourhood of He = 75 A/cm. This is also visible in 
Fig. 17, which shows that the hysteresis effect in the 
region between 5 and 10 A/cm is approximately 70 
per cent greater than with zero premagnetisation. 

This hysteresis maximum is also observed in nickel- 
iron alloys. With these alloys it occurs at lower field 
strengths, since saturation is reached at an earlier stage. 
The reason why the effect is insignificant when using 
laminated cores in premagnetised coils and transformers 
is because these cores are designed with an air gap so 
as to avoid high constant field strengths in the lamina- 
tions. 

Figs. 4 and 16 also show that the angle of the dotted 
zero-frequency curve with the ordinate axis is not 
affected by premagnetisation. The angle is approxi- 
mately 10 degrees for dynamo laminations, while for 
nickel-iron alloys it is approximately equal to 23 degrees 
(Rayleigh’s angle) for all values of Hg used in this 
investigation. 


BELGIUM 


Electrolytic Polishing and Short-Circuit Etching of Copper 
and Cuprous Alloys 


By M. JAROSZEWICZ-BORTNOWSKI and J. SCHOOFs. 


(From Revue Universelle des Mines, 9th Series, Vol. 5, May, 


1949, pp. 170-174, 6 illustrations.) 


I. A NEW POLISHING METHOD 


Due to the simplicity of the operations and the high 
quality of micrographs that can be obtained, the electro- 
lytic polishing method has developed rapidly in in- 
dustrial laboratories and research centres. For copper 
and its alloys, however, the usual electrolytic polishing 
process takes a long time (20 to 30 minutes in a phos- 
phoric acid bath, 50° Bé, with the copper cathode placed 
horizontally above the surface to be polished) and requires 
careful preparation* (No. 0000 emery paper). The 
authors have, therefore, developed anew process. The 
specimen (anode) is mounted in a phosphoric acid bath, 
50° Bé, so that the surface to be polished extends ver- 
tically. During polishing, the specimen is oscillated 
in a direction normal to the surface, the length of stroke 
being 60 mm (2} in.), the mean distance from surface 
to cathode 80 mm (34 in.). The copper cathode surface 
is very much bigger than the surface to be polished, 
e.g., 11 to 15 sq in. for a surface of 0-3 to 0:8 sq in. 
Oscillations parallel to the surface, i.e., at constant 
distance from the cathode, did not prove equally success- 
ful. Since the movement tends to destroy the anodic 
layer required for polishing, the terminal voltage must 
be increased. Best results were obtained with 4 to 
5 volts (according to the mean position of the specimen 
with respect to the cathode) for a frequency of one 
full stroke (forth and back) per second and with 9 
to 10 volts for two full strokes per second. The latter 
speed results in splashing of acids and is only used in 
special cases. Current is switched on for only 5 
minutes if the specimen has been prepared with No. 00 
Durex emery paper. 


*P. Jacquet, Rev. Métall., Vol. 35, 1938, p. 41 & 116, and Vol. 37, 
1940, p. 214. 
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This treatment gives excellent results for the polish- 
ing of electrolytic, phosphoric, and arsenical copper, 
5 per cent Mn-copper, 0°2 to 1 per cent Cd-copper, 
brasses with 59 to 95 per cent Cu, bronzes with } to 
8 per cent Sn, silico-bronzes (2 per cent Sn, 1 per cent 
Si), Cu-Ni-Zn alloys of various compositions. Cupro- 
nickels (80/20, 75/25, 70/30) should be polished for 
10 minutes in a bath of 90 per cent by velume phos- 
phoric acid (50° Bé) and 10 per cent by volume sulphuric 
(60° Bé) acid. Widely differing materials can thus be 
treated in the same manner since the applied voltage 
for correct polishing can be held within wider limits if 
the specimen is oscillated. Results are perfect even 
if the surface to be polished is not treated with emery 
paper at all but is a plain rolled or pickled surface. 
Care must be taken, however, especially with brasses 
rich in zinc, that the surface is not structurally altered, 
e.g. by annealing, and appears to be richer in copper 
than the core of the material. In some cases (60/40 
brass), a strong polishing action, 10 minutes at 9 to 10 
volts with 2 full strokes per second, dissolves the 
affected skin metal so that correct micrographs are 
then obtained without emery preparation. 


II. SHORT-CIRCUIT ETCHING 


The electrolytically polished surface can be etched 
with the usual metallographic reagents. It is, however, 
difficult to time the etching accurately so that a good 
contrast and fine detail are obtained. The authors 
etch their specimens in the polishing bath by short- 
circuiting the electrodes immediately after the polishing 
current has been switched off and the specimen stopped 
at a distance of 50 mm (2 in.) from the cathode. During 
electrolytic polishing, a difference in concentratior of 
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Fig. 1. Etching time for 1 cm2 (0:16 sq in.) brass as a 
function of the copper ee of the electrolytic 
ath. 


the electrolyte is established in the neighbourhood of 
the electrodes and increases with the polishing time 
up to a limiting value depending on process conditions. 
An e.m.f. is created, the bath acting like a storage bat- 
tery which discharges with reversed current when the 
electrodes are short-circuited after the polishing current 
has been switched off. The specimen now forms the 
cathode and copper is deposited on the polished surface. 
Since the potential difference is very small, the deposit 
is not uniform; its thickness depends on the grain 
orientation. If alpha-brass is etched in this way and 
examined under the microscope, some grains will 
appear yellow, i.e. free of copper deposit, others are 
deep pink, and the whole scale of colours between these 
extremes can be observed. Twins show distinct 
alternating colours except when the twinning planes 
are perpendicular to the polished surface, in which 
case a uniformly coloured surface is intersected by fine 
parallel lines. 

The contrast clearly depends on the colour of the 
specimen metal and is stronger, the more this colour 





Fig. 3. Beginning of re-crystallisation along an original 
grain boundary in German silver (63/12), electrolytic polish- 
ing, short-circuit etching, oblique illumination. (500 x). 
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differs from that of copper. Brasses and Cu-Ni-Zn 
alloys give the clearest micrographs. For a given 
specimen metal, the quality of etching, i.e. intensity 
of contrast and simultaneous fineness of detail, depends 
on the quantity of copper deposited and, therefore, 
(a) on the short-circuiting time and (b) on the mean 
copper concentration of the electrolyte. For a given 
copper concentration, too short an etching time gives 
too thin a deposit and insufficient contrast ; too long a 
time blurrs the detail. Experiments show that the 
optimum etching time is proportional to the size of 
the surface to be etched. For a given etching time, on 
the other hand, there is an optimum concentration, 
which gives sharpest contrast. A lower copper content 
results in too thin a deposit, and a higher content 
diminishes the “‘battery’’ effect of the polishing 





Fig. 2. Slide planes in a lightly worked alpha-brass, electro- 
lytic polishing with oscillating specimen, short-circuit 
etching (250 x). 





Fig. 4. Annealed alpha-brass, electrolytic polishing with 
oscillating specimen, short-circuit etching. (500 x). 


hHVE ENGINEERS -DNGES ] 














end 


It FAO 


a ae ee ee ee ee ee ee ee 








ids 


7es 


ee 
1it 














electrolysis and, hence, the short-circuit current and 
the quantity of deposit. The contrast again becomes 
insufficient (see Fig. 1). The shortest etching time is 
obtained with a concentration of about 3-5 gr Cu per 
litre (0-56 oz per gal) and the authors, therefore, always 
dissolve 1-12 oz copper carbonate per gal. of the bath. 
This addition does not interfere with the polishing 
action, and the copper content changes very little 
during use. It can be adjusted by the addition of fresh 
acid or by weak electrolysis with a graphite anode. 


Short-circuit etching can also be applied if the 
specimen is not oscillated during polishing; the 
etching times should then be slightly longer. With 
oscillation speeds of 2 full strokes per second, however, 
the gradient of concentration is not sufficient for satis- 
factory short-circuit etching. Attention is finally 
drawn to the fact that ingot segregations influence the 
speed of metal dissolution in all electrolytic polishing 
processes. Raw ingot material is, therefore, not suitable 
for the electrolytic etching process. 


FRANCE 


Apparatus for Continuous Measurement of the Calorific 
Value of Fluids 


By P. ScHULLER. (From Chaleur et Industrie, Vol. 30, No. 286, May, 1949, pp. 112-114, 2 illustrations.) 


CONTINUOUS measurement and automatic control of 
the heating power of a continuous supply of liquid or 
gaseous fuel are important to many industries, whether 
it is a question of the control of a heating system, the 
establishment of optimum conditions, or the determina- 
tion of heat supplied to a consumer. Measurement is 
usually made of the volume of flow, the calorific value, 
and the specific weight, but these measurements must 
be taken singly and discontinuously, and entail a fair 
amount of calculation. Fig. 1 shows a new patented 
apparatus, which allows of continuous measurement, 
does not necessitate any calculations, and can be adapted 
for automatic control. C is the measuring pipe for 
the combustion fluid and contains orifice D. Instead 
of a pressure gauge as would be used for determination 
of the volume of flow, there is arranged in parallel with 
the orifice D a calorimeter # preceded by an orifice d. 
Since flow through the calorimeter is very small, pipe 
losses can be neglected and the loss of head across 
orifice d is then the same as that across D. The calorific 
value of the gas burnt in the calorimeter is 
c=Ax 4T/q=Ax AT/kV/ H, 

where A = constant quantity of water flowing through 
the calorimeter, 47 = difference in temperature of 
inflowing and outflowing water, g = volume of com- 
bustion fluid passing through the calorimeter, k = a 
constant depending on physical characteristics of orifice 
d, and H = loss of head across d or D. The total 
ae power of fluid passing through pipe C is, there- 
ore, 


KVHAAT K 
¢=QOxc= ————— = — AZT, 
kVH k 
where Q = volume of combustion fluid passing through 
pipe C, K = a constant depending on physical charac- 
teristics of orifice D. Since k, K, and A are kept 
constant, the difference in water temperatures as read 
from the thermometers of the calorimeter is directly 
proportional to the heating power. 

Since pressure in the calorimeter is the same as 
that in pipe C, air must be supplied under pressure. 
A large amount of excess air is supplied so that varia- 
tions in the excess air ratio do not influence the measure- 
ment of the calorific value to any appreciable extent. 
Air is compressed to a pressure slightly above that of 
the fluid before orifice D and is blown into pipe C and 
the calorimeter through pipes a and b, which are inter- 
connected. An orifice d, is arranged in pipe 5, just 
before entry into the calorimeter. The pipes a and b 
are then under the same pressure as the gas in pipe C 
and the loss of head across d, is the same as that across 
Dord. The amount of air supplied to the calorimeter, 
therefore, varies with this loss of head, i.e., in similar 
ratio to the amount of gas supplied. Excess air above 
this amount escapes into pipe C. Complete combustion 
is thus guaranteed and the excess air ratio does not 
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become too large even if the flow of gas is very small. 
One disadvantage of this apparatus is that air and gas 
which has undergone combustion are introduced into 
pipe C, but the total amount is only about 35 cubic 
feet per hour and, therefore, is negligible in industrial 
installations with a flow of gas of more than 7000 cu ft 
per hour. 

Ignition difficulties have been solved by the use of a 
sparking plug and a magneto. The apparatus can be 
used under the most difficult circumstances, such as 
pulsating flow, variations in the composition and specific 
weight of gas, and sudden variations of flow. It has 
been used for gas flow with changes in the calorific 
value from 4000 to 6500 cal. The precision of this 
apparatus was checked by the usual methods of dis- 
continuous measurement and showed a maximum 
error of less than 5 per cent. Measurements are very 
rapid, and variations of calorific value are registered in 
less than 30 seconds. If the calorimeter is replaced by 
a heat exchanger, the arrangement can be used for the 
measurement of the flow of heat in heated air or liquid. 
Adaptation for automatic control is simple. The tem- 
perature difference 47 can be kept constant by auto- 
matic electric control of a valve which regulates the 
fluid volume passing through pipe C. 
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SWITZERLAND 


The Detection of Inter-Turn Faults during Impulse Tests of 
Transformers 


By H. AESCHLIMANN. 


INTRODUCTION 


IMPULSE testing of transformers is of real advantage only 
if methods are known by which temporary inter-turn 
faults, or spark-overs, of short duration occurring during 
the tests can be detected. It might be assumed that 
such faults would initiate permanent 50 cps short- 
circuits as soon as the normal 50 cps voltage is induced. 
In practice, however, this is not always the case, not 
even if the surge voltage is applied when the 50 cps 
voltage is just at its peak value. In oil transformers, 
impulses can produce faults of very short duration, 
which disappear again after only a small fraction of a 
half-cycle of the 50 cps supply. As regulations in many 
countries stipulate that acceptance type tests of trans- 
formers must include impulse tests, experiments were 
carried out with cathode-ray oscillographs, on models as 
well as on complete transformers, in order to develop a 
method by which such internal faults in transformer 
windings could be detected with certainty. The method 
found to be most promising consisted essentially in 
recording electrical phenomena taking place in a trans- 
former winding when impulse tests are made at a 
reduced voltage and to compare these records with 
corresponding records taken during the full-voltage 
tests. 

The experiments were carried out on a three-phase 
transformer with the following characteristic data: 
rated capacity 250 kVA, primary voltage 20,000 V + 4%, 
secondary voltage (no-load) 400/231 V, primary current 
7:22 A, secondary current 361 A, number of h.v. turns 
per phase 1801. 


MEASUREMENTS 


The following three series of experiments were 
carried out : 


(a) Basic experiments. To obtain a_ satisfactory 
understanding of the phenomena occurring when a 
steep-front wave is applied to the winding, all windings 
except one h.v. winding were removed from the trans- 
former. This ensured that the phenomena were not 
influenced by other windings. The one remaining 
winding was subject to h.v. impulses which were below 
the value liable to damage the winding. The winding 
was provided with taps which were connected to 
corresponding spark-gaps submerged in oil, by means of 
which spark-overs could be obtained as and where re- 
quired. Basing our considerations on the fact that on 
the occurrence of a short-circuit between turns, the part 
which has been suddenly short-circuited will initiate an 
electrical oscillation, the tank was mounted on insulators 
and connected to earth through a shunt. The end of 
the coil could be either connected to the tank or left free. 
This arrangement made it possible to observe the oscilla- 
tions produced. Experiments were carried out, for 
instance, with the spark gap in parallel with the first 
five turns. Oscillogram Fig. 1 shows the earth current 
with and without spark-over for this arrangement. 
Similar measurements were made for various numbers 
of turns short-circuited solidly or through spark gaps. 

The approximate actual location of the spark-over in 
a coil can be determined from the position of the 
high-frequency oscillation appearing in the oscillogram 
and the known speed of propagation of the electric wave 
in the conductor. 


(b) Measuring the electrical oscillations in the winding. 
The rapid suppression of the magnetic flux when a coil 
or part of a coil is short-circuited is bound to affect the 
natural frequency of a transformer coil. Experiments 
to investigate this change were carried out on the same 
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(From Bulletin Sécheron, No. 20D, 1948, pp. 13-23, 20 illustrations.) 


transformer as was used in the experiments described 
under (a) ; in this case also, all but one h.v. winding had 
been removed. The arrangement is shown in Fig. 2; 
the winding is earthed through a condenser. 

Where the winding is not accessible, the natural 
frequency of the coil can be shown indirectly by in- 
sulating the tank from earth and by measuring the 
voltage induced in the tank, which, of course, is capa- 
citively linked with the coil. An example of the 
arrangement with a corresponding oscillogram is 
shown in Fig. 3. 

It was found that under normal conditions the natural 
frequency of the coil was 10° cps; when a solid short- 
circuit, or a spark-over between the 9th and the 10th 
tap of the coil was produced, the natural frequency of 
the coil increased to 10* cps. The change of natural 
frequency is, therefore, very pronounced ; this can best 
be seen from Fig. 3, where point (a) marks the instant 
when the spark-over ceases. That there is a different 
frequency before and after this point is very obvious, 
and similar changes were observed in all experiments 
which involve spark-overs. 

It was found that the actual location of the spark-over 
or the short-circuit had but a small influence on the 
magnitude of the change in the natural frequency. 
Moreover, the relative number of short-circuited turns 
has, up to a certain limit, only a minor influence, and 
experiments showed that the short-circuiting of one 


Fig. 1. Impulse test with and without spark-over on spark- 
gap across 5 turns. 
1 Impulse voltage 
2 current in shunt (no spark-over) 
3 current in shunt (spark-over across 5 turns). 


Oscillations during impulse test, the 9th and 10th, 


Fig. 2. 
tap being solidly short-circuited. 


1 Impulse voltage 

2 Oscillations on the free end of the coil, the 9th and 10th tap 
not being short-circuited 

3 oscillations on the free end of the coil, the 9th and 10th tap 
being solidly short-circuited. 


Fig. 3. Oscillogram of potential induced in tank (with and 
without short-circuit). The tank is insulated and connected 
to earth over a condenser. 

1 Potential when no short-circuit occurs Pee: 

2 potential when 9th and 10th tap are solidly short-circuited 

3 potential when spark-over occurs between 9th and 10th tap; 
ceases at point (a). 


Fig. 4. Oscillogram during impulse test with second 
winding (not subject to impulse) in place. 
1 Impulse voltage a Nek 
2 potential between tank and earth when there is no short-circuit 
3 potential betwen tank and earth when the 9th and 10th taps 
are temporarily short-circuited by spark-over. 


Fig. 5. Impulse voltage applied to one phase ; solid short- 


circuit ; neutral insulated. 
1 Impulse voltage epee 
2 potential between insulated tank and earth; no short-circuit in 
winding 
3 as (2), but 5 turns (3 per cent of total number of turns per 
phase) solidly short-circuited. 
Fig. 6. As Fig.5, but temporary short-circuit by spark-over 
instead of solid short-circuit. 
Fig. 7. Oscillogram of voltage induced in tank ; extension of 
time by back-sweep of beam at reduced uniform speed. 
1 Impulse voltage es 
2 induced voltage (no short-circuit occurs). 


Fig. 8. As Fig. 7, but with solid short-circuit across 5 turns. 


Fig. 9. Impulse test with neutral connected to tank and 
temporary short-circuit of 5 turns through spark-over. 


1 Impulse voltage wa 
2 potential when no short-circuit occurs 
3 potential when spark-over occurs. 


Note :—In all illustrations, cuve -tank, and OC ~cathode-ray 
oscillograph. 
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single turn (in this case amounting to only 5 per cent 
of the coil) produces changes of frequency as obvious as 
those shown in Fig. 3. 

Similar experiments were carried out with the low- 
voltage winding in place (Fig. 4), the spark gaps being 
connected to the l.v. winding, and three h.v. windings 
being connected in parallel. Except for this latter 
connection, the commencement and the cessation of the 
spark-over could be clearly noticed in every case. 


(c) Experiments on the complete transformer. It was 


found that useful results were obtained only if the 
individual phases were tested separately. The recording 
of the voltage induced in the tank proved adequate also 
for the complete transformer, and specimen oscillo- 
grams are shown in Figs. 5 and 6. It was found 
interesting to extend the period of recording from about 
10°* seconds to 4 x 10°° seconds, and for this purpose 
the beam of the cathode ray tube—after completing its 
sweep from left to right—was made to sweep from right 


HUNGARY 


to left, but at a reduced and uniform speed. Two 
oscillograms taken with this arrangement are shown in 
Figs. 7 and 8, which show up more clearly the difference 
between the two natural frequencies. 

If the neutral point of the winding is directly con- 
nected to the tank, the arrangement shown in Fig. 9 can 
be successfully used to detect temporary or permanent 
faults. From Fig. 9 it can also be seen that the spark- 
over ceased after 300-400 ys (micro-seconds). 

The oscillations can also be measured on one of the 
terminals of a coil not directly connected to the impulse 
generator. Experiments have shown that the shape of 
the voltage on such a terminal also shows a considerable 
difference, whether or not an internal short-circuit 
exists. In this case the tank can be directly earthed. 
One terminal of each of the coils not connected to the 
impulse generator should be connected to earth. 

In conclusion, it should be mentioned that the 
method described is now being used for experiments on 
prototypes and models. 


Three-to-two Phase, Artificially Cooled Dry Transformer as 
Power Supply for Thermo-Electric Use 


By J. Liska. 


A TRANSFORMER was required in Hungary to supply 
60,000 A, two-phase, 50 cycles at 2 x 10 V, ie, a 
power of 1200 kVA, for thermo-electric use. Regu- 
lation of the voltage down to 4 V in 15 steps was speci- 
fied, with continuous regulation between two neigh- 
bouring steps during service. The available power was 
a 50 cycle, three-phase supply at 10,000 V 


1. Voltage Regulation. 

It was not considered advantageous to carry out the 
voltage regulation on the three-to-two phase transformer. 
A second transformer with a transformation ratio of 
10,000/500 V was used for this purpose ; its primary 
can be star- or delta-connected, and the secondary can 
be connected in varying parallel or series combinations. 

The step-changing switch is immersed in oil inside 
the tank, but is operated from outside. The no-load 
voltage is regulated in steps of 7°5 per cent, the voltage 
of the secondary of the transformer varies between 200 
and 533 V, and the voltage of the three-to-two phase 
transformer varies between 3°75 and 10 V. 





Fig. 1. 





An induction regulator, which is included in the 
secondary circuit of the 10,000/500 V transformer, 
serves the purpose of continuous voltage regulations 
between two neighbouring steps. 

2. Design of the Three-to-two Phase Transformer. 

Considering the high current intensities required, it 
was preferable to choose a type of transformer having 
windings on two cores only. The two windings had to 
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(From Elektrotechnika, Vol. 41, No. 5, May, 1949, pp. 128-131, 8 illustrations.) 


be identical, and it was required that unsymmetrical 
loading should not cause additional stray losses. 

The transformer in Fig. 1 satisfies these conditions. 
There are no additional stray losses in the case of 
unsymmetrical loading, as the primary current on the 
unloaded core divides in the oppositely wound coils in 
inverse proportion to the number of turns. 5°75 per 








Fig. 2. 


cent more material is required for the windings of this 
transformer than in the case of a three- or two-phase 
transformer of equal power. 

The transformer is installed in a pit under the 
machine it supplies and the connecting bars are as 
short as possible. The secondary winding is of the 
water-cooled tubular type. The primary windings are 
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disposed between the secondary windings and, therefore, 
are indirectly cooled. The heat evolved in the core is 
dissipated by the artificial ventilation of the pit. No 
oil is used for cooling or insulation. 

Fig. 2 shows a cross-section of the core, which lies 
horizontally. 

The coils are disc-shaped. The primary and 
secondary windings each consist of eight parallel- 
connected coils. The cross-section of a coil group is 
shown in Fig. 3, II being a secondary coil and I/1 and 
1/2 primary coils. Bakelite distance pieces of $3 in. 
thickness are interposed between neighbouring coil 
groups. 





Fig. 4. 

Representing the line voltage as Uj, the winding I/1 
was designed for the voltage U,/./ 2 = 0°707 U, and 
the winding 1/2 for the voltage (,/ 3/8 — +/ 1/8) U; = 
0:259 U; (see Fig. 4). The number of turns in the coil 
I/1 is 38 and that in the coil I/2 is 14. 


3. Stray Reactance. 

The stray reactance was calculated from the sum- 
mation of the short-circuit losses of single-phase 
measurements. As shown in Fig. 5, the winding I1’ 
was first short-circuited and the primary connected to 
A and to B and C connected in parallel ; the winding 
Il” was then short-circuited and the primary con- 
nected to C and parallel-connected A and B. As the 
design is symmetrical, the two measurements were 
identical. 


Qa 








=< 





The reactance in relation to the winding I1’ can be 
considered as consisting of four parts : X, the reactance 
in the winding N;,, X, the reactance in the winding 
Ny when the secondary 11’ is short circuited, and X;, 
and X, the reactances of the windings N,, and Nj. on 
the core C when they are connected in opposition. The 
reactance X; is in parallel with X, + X,. 

To calculate X, and X,, the secondary tubular 
conductor is assumed to consist of two parallel bars, as 
shown schematically in the cross-section of a coil group 
in Fig. 6. The distribution of the induction is also 
shown. Representing the average length of a turn as 
l,, and the frequency as f, the reactance components can 
be calculated from the following formulae : 
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Fig. 6. 
ly Qn + Qu 
X, = 1:256 x 2nf Ny? —( 38 + ——] x 10° 
f 3 
l;, Orn + On 
X_ = 1:256 x 2nf Ny? — {5 ——_——__ } « 10° 
i 3 
lL, {4 Qn 
X3 = 1:256 x 2nf Ny? —{— + —] x 10% 
F 3 
Ors 
X,= 1:256 x 2nf Np? —| — + ——] x 10° 
| 3 
Replacing the dimensions of the transformer : /,, = 133 


cm, /, = 15 cm, 8 = 0°45:cm, a;, = 2°7 cm, ay. = 09 
cm, ay = 0°8 cm, and 4 = 3:2 cm, the calculated 
reactances are : X, = 0°083, X, = 0°0071, X; = 0°128 
and X, = 0:013. The currents flowing in the three 
phases of the primary during the single-phase short- 
circuit measurements were : 


I,’ = 156 A, Ip’ = 114 A and I,’ = 42 A, 


and the corresponding voltage drops in the reactances 
were calculated to be 

X, I,’ = 0°083 x 

X; I.’ = 0128 x 42 = 5-4 V, and 

(X2 + X,) Ip’ = (00071 + 0°013) x 114 = 2°28 V. 

The voltage values calculated for the two parallel 
branches were unequal, but this means that the current 
does not divide in the two branches, as would be the 
case if the stray reactances could be neglected. In fact, 
I,’ is somewhat larger and J,’ smaller ; calculations 
show that these diflerences are small and the voltage 
drop in the parallel branches is 3°12 V. 

The reactance voltage on the primary side is cal- 
culated as 


156 = 13 V, 





Us, = 13 + 3°12 = 1612 V, or 
100 Us 16°12 
= 100 = 3°13 per cent of the full 
0966 U; 515 
voltage. 


The measured value was 10 per cent larger, which can 
partly be explained by the reactance of the short- 
circuiting bars. 


4.» Losses. 

The current densities in the three windings are 
1610, 1660 and 2190 A/sq in. respectively. The ad- 
ditional a.c. losses in the coil I/1 amounted to 3°6 per 
cent and those in the coil I/2 to 25 per cent. The 
total copper losses are 2°83 per cent of the full-load 
power of the transformer and the no-load losses are 
1'7 per cent, the maximum induction being 12,000— 
12,600 Gauss. 


5. Cooling. 
Assuming an 18° F increase in temperature of the 
cooling water and cooling air, the quantity of water 
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necessary is 104 cu ft/hour and the quantity of air 
405 cu ft/min. The core dissipates 0°64 W /sq in. and 
its temperature increase is less than 90° F. 

Calculations show that the warmest part between the 
windings is between the coils I /1 and II, the temperature 
increase being 131 F at full load. The cooling water 
inside the secondary coils will be a further 9’ F warmer. 
Assuming that the temperature of the cooling water is 
77° F, then the temperature of the warmest point of the 
transformer is 217° F, which is permissible. This 
calculation did not take into account the influence of 
the cooling air, and conditions in the transformer are, 
therefore, more favourable than is represented by the 
above figures. 





Effects of High Temperatures of 
Short Duration on Paper and 
Cotton Insulation 


By A. V. Koritsky. (From Vestnik Elektropromy- 
shlennosti, Russia, No. 12, 1948, pp. 20-22, 2 illustrations). 


WHILE the behaviour of paper and cotton insulation 
subjected to elevated temperatures over long intervals 
has been fairly well explored, a similar investigation for 
very high temperatures of momentary duration has been 
carried out for the first time. The temperatures in 
question were of the order of 250° C and more, and 
occur in practice under short-circuit conditions. 
The duration of the high temperature application 
varied, but did not exceed 10 seconds at a time. 

Brass tubes of 18 to 20 mm diameter and 60 mm 
length were used as indicators, on which measuring 
resistances of enamelled copper wire were wound. On 
this winding was superimposed a heating winding, 
which was covered with several layers of thin press- 
board. 

For the purpose of the investigation, the heating 
coils were fed from current transformers connected in 
the output leads of a power transformer. The nominal 
current density in the heating coils was selected at 
10 amp/mm*, and overloads of short duration were 
applied, thus simulating short-circuit conditions, 
and insulating paper was placed inside the heating coils. 

Currents of different duration and intensity were 


TABLE 1. 














~ = rs 
BS 4 v 
vi Ba 2 2 “ss 
SB OE 5 S126 
£€ €6 6 ss 3a 
5 os » S98 | 8e 
G -~ & c 6&9 &Y 
- §& Ss Sa Xs 
co FS 3 £E Fo 
$6 5  § ig*! se 
: a 5 PA 
A\°0 Q Zz ‘ Observations 
96 4 1 310 Slight smoke before switch-off 
2 76 8 1 310 §moke in the 5th second 
3 76 4 25 205 No smoke, ebullition of oil 





At first, slight smoke ; 
switching smoke 


at the 9th, 








At first few applications, slight smoke 








Dense smoke clouds 





7 | 124 3 1 400 


8 51 17 | 50 | 325 


9 82 10 1 450 


Smoke clouds 





At first, slight smoke 





Smoke clouds 





Smoke 





450 


n 8 Ww & 
638 5 8 


TEMPERATURE, °C 
nN 





10) l 2 = © 3 6 #7 8 9 
TIME, MINUTES 


Fig. 1. 


applied, the time being measured to within 0-05-0-1 sec. 
The experiments were carried out in an oil tank, which 
was maintained at 89to 91°C. Table I gives the results 
of the experiments. The applications of current were 
interrupted by 10 minute intervals to allow the spools to 
cool off. 

Curves showing the cooling-off process are seen in 
Fig. 1 for several of the test samples. 

After the test, the insulation under investigation was 
examined for outward appearance and subjected to 
micro-analysis. 

Table 2 gives the results of micro-analysis of some 
of the samples, the classification being as follows : 

1. New Insulation, fibres undamaged. 

2. Condition very good, less than 5 per cent damaged 
fibres. 

3. Condition satisfactory, less 
damaged fibres. 

4. Condition of insulation unreliable, over 75 per cent 
fibres damaged. 

5. Nearly all fibres damaged. 


than 75 per cent 





























TABLE 2. 

No. of Sample Description { Condition 
2 Paper 3 
3 Cotton | 2 

Cotton inner layers | 3 
4 Paper | 5 
{ 
5 Fastening tape, light spots | 2 
Fastening tape, dark spots | 3 
Cotton outer layers 3 
Cotton inner layers | 5 
6 Paper } 5 
—— 
7 Cotton outer layers | 4 
Cotton, first layers | 3 
|—__ __ —_ —— 
Cotton inner layers | 5 
8 Paper | 5 
Cotton outer layers | 3 
9 Cotton, outer layers 5 
10 Cotton outer layers 2 
Cotton inner layers 3 








The outward appearance varied from only slight 
discoloration with no loss of insulation properties in 
sample 1, to carbonizing in samples 5, 8 and 9. 

The results of the investigation demonstrate that 
paper and cotton insulation can withstand single 
impulses, raising the temperature to 300° C. When 
the number of impulses is large, the limit of temperature 
should not exceed 200-225° C. 
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Present Status of the Development of Hand-Fired Smokeless 


Coal Heaters 
By J. R. FELLows.* (From University of Illinois Bulletin, Vol. 46, No. 79, July 1949, pp. 38-58, 9 illustrations.) 


Illinois Smokeless Furnace—First Design. 

Although several preliminary experimental furnaces 
were designed, constructed, tested, and then discarded, 
the furnace which will be referred to in this paper as 
the “‘ first design ” is the first specific arrangement of 
parts that was actually used for heating a residence. 
Fig. 1 shows a vertical sectional view of this arrangement. 
The fuel bed is shown in the condition which would 
exist immediately after the placing of a charge of fresh 
coal. The baffle wall, the vertical secondary air 
passages, and the combustion flues are formed by 
special refractory units, a detail of which is shown in 
Fig. 2. Each baffle wall unit or section is composed of 
two matching E-shaped bricks which, when in position, 
are supported at the bottom by the firepot lining and at 
the top by two horizontal metal plates which form the 
secondary air passage. The inside width of the furnace 
is determined by the number of baffle wall sections 
required. 

Each charge of fresh coal is converted to coke in the 
coking chamber at the front of the furnace while that 
converted from the previous charge is burned in the 
coke-burning chamber at the rear. The volatile 
matter released as a gas from the fresh coal mixes with 
the secondary air introduced through the vertical air 
passages adjacent to the combustion flue. The mixture 
passes over live coals in the coke-burning chamber, 
where it is ignited. The burning is then completed in 
the combustion flues. 

The rate of release of gases from the fresh coal is 
governed by the amount of air admitted to the coking 
chamber, and the rate at which the coke is burned is 
determined by the amount of air passing into the ashpit 
and through the grates. The orifice in the firing door 
and the one in the ashpit door are so proportioned that 
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Fig. 1. Cross-section of first design. 
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each charge of fresh coal is converted to coke before that 
from the previous charge is completely burned.' 

A series of tests was conducted in the laboratory to 
determine the burning characteristics of a wide variety of 
solid fuels. The furnace used in this test included 3 of 
the baffle wall sections illustrated in Fig. 2. The coal 
samples, weighing from 200 to 400 lb differed widely 
with respect to such properties as moisture content, 
volatile matter content, ash content, ash fusion tem- 
perature and friability of coke formed. 

The following general conclusions, based on the 
experience obtained in the laboratory tests, may be 
drawn with respect to the burning characteristics 
obtained with different solid fuels : 

(a) Fuels having a range of volatile matter content 
of from 1:5 per cent to 41-9 per cent were satisfactorily 
burned. 

(b) Coals having a high ash content introduced no 
difficulty apart from the inconvenience of removing 
greater amounts of ash. From the standpoint of hold- 
fire characteristics, in fuels having a high ash content 
the ash served to insulate a small bed of hot coals and 
thereby tended to increase the possible length of the 
hold-fire period. 

(c) Bituminous coals having ash-softening tempera- 
tures ranging from about 1900 to 2800° F were burned 
without formation of slag or clinkers. 

(d) Coals ranging in size from } in. by } in. to 3 in. 
by 6 in. were satisfactorily burned. However, it was 
found that strongly coking coals did not coke thoroughly 
in the centre of the charge if a large proportion of the 
pieces was less than 2 in. in diameter. 

A 3-section furnace practically identical with the one 
used for the laboratory tests was installed in a Warm 
Air Heating Research Residence? in the fall of 1943, and 
in March 1944 replaced by a 4-section unit of the same 
type. The larger furnace was tested during the rest of 


*Professor of Mechanical Engineering, University of Illinois. 

1 * The Illinois Smokeless Furnace,”’ by J. R. Fellows, A. P. Kratz, 
and S. Konzo, 1947. 

2 Described in “‘ Investigation of Warm Air Furnaces and Heating 


Systems,”’ by A. C. Willard, A. P. Kratz and V. S. Day, Univ. of 
Ill. Eng. Exp. Sta. Bul. 189. 
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the spring of 1944 and throughout the entire 1944-45 
heating season. 

Throughout the test period continuous records were 
made each day of the CO, content and temperature of 
the flue gases at the smoke collar of the furnace. Both 
the percentage of CO, and the temperature of the flue 
gases increased as the weather became colder, and for a 
given indoor-outdoor temperature difference, the CO, 
content and the flue gas temperature were both greater 
for the 3-section furnace than for the 4-section, the 
latter being equipped with a greater heating surface. 
Hence for a given hourly fuel consumption a greater 
transfer of heat occurred from the flue gas to the cir- 
culating air, and as a result lower flue gas temperatures 
were obtained. The slightly lower CO, values re- 
corded on the larger furnace probably resulted from the 
fact that a proportionally larger amount of secondary 
air was supplied during off-period operation. Also, the 
larger furnace operated with longer periods of closed 
dampers than did the smaller. 

The losses due to sensible heat and water vapour in 
the flue gases at the smoke collar were practically 
constant over a wide range of indoor-outdoor tempera- 
ture differences, and amounted to approximately 21 
per cent for the 3-section furnace and 16 per cent for 
the 4-section. These losses, expressed as a percentage 
of the heat liberated in the furnace, did not include losses 
resulting from unburned combustible in the ash and 
refuse. The latter amounted to about 5-5 per cent of 
the heat liberated for the 3-section furnace and about 
4-6 per cent for the 4-section. Hence the total losses, 
including those due to sensible heat and water vapour in 
the flue gases and to combustible in the ashpit, were 
about 26:5 per cent and 21 per cent respectively for the 
3-section and 4-section units. The corresponding 
combustion efficiencies, defined as 100 minus the total 
losses, were about 73:5 and 79 per cent respectively. 

Although this type of furnace performed satisfactorily 
in the Research Residence and in many private homes, 
there was in every case a noticeable loss of coke through 
the grate and it was difficult to transfer the newly formed 
coke from the coking chamber to the coke-burning 
chamber when burning a strongly coking type of coal 
during extremely cold weather. 


Second Design. 


Fig. 3 is a sectionalised view showing the interior 
construction of the second design and Fig. 4 is a vertical 
cross-sectional view showing the various parts of the 
furnace in their proper positions in the complete 
assembly. 

The second design incorporates the downdraught 
coking principle of smokeless combustion that was used 
in the first design. A round body has been substituted 
for the square one, the inclined pinhole grate has been 
eliminated, the shaking grate has been expanded so as to 
extend under the entire firepot, and the baffle wall has 
been simplified. The secondary air is brought into the 
furnace through a tube extending through the casing 
from the back of the firepot, from which it passes into 
the perforated channel, then through the holes in the 
channel into the mixing space directly below the com- 
bustion flue. The primary undergrate air enters the 
perforated channel along with the secondary air, but 
from that point it passes through the metering slots in the 
edge of the grate ring at the base of the channel, into the 
ashpit. The secondary air and the undergrate air are 
properly proportioned because the total area of the holes 
in the channel bears the correct relationship to the total 
area of the slots in the grate ring. The coking air which 
supports the combustion in the fresh fuel and causes 
the volatile matter to be gasified is handled in essentially 
the same way as in the earlier design. 

The only fundamental change is in the manner in 
which the secondary air and the primary undergrate air 
are metered and delivered to their respective points of 
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Sectionalised view—Interior construction of the 
second design. 


Fig. 3. 
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usage. It was expected that the revised furnace would 
operate in a manner practically identical with that of the 
earlier design. The advantages in the revised con- 
struction consist of decreased manufacturing cost, better 
grate efficiency, and simplified firing technique. 


Operating Principle. 

Smokeless combustion is achieved by placing the 
fresh coal in a separate coking chamber, where the rate 
of gas release can be controlled, leading the released 
gases and the secondary air to a mixing chamber, and 
providing an ignition surface in the mixing chamber in 
the form of burning coke. Smokeless combustion is 
achieved in the underfeed stoker by feeding the raw coal 
into a small coking zone as needed, blowing air into this 
same zone, and providing a layer of burning coke 
directly above the point where the gas and air are 
mixed. 
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Special Test of Second Design. 

A special test of the new type of smokeless furnace 
was conducted by the writer in the Mechanical Engineer- 
ing Laboratory at the University of Illinois for the pur- 
pose of obtaining data of interest to those engaged in 
smoke abatement work. 

The coal burned was a high-volatile bituminous type 
of nut size in which the lumps ranged from 1} to 2 in. 
in diameter. The smoke density was measured and 
recorded by means of an instrument which utilizes the 
principle of a beam of light projected across the smoke 
pipe onto a thermopile located on the opposite side. 
The draught was regulated by means of an adjustable 
cross-damper instead of the automatic balanced damper 
normally employed, in order that there might be no 
dilution of the products of combustion before they 
passed the station at which the smoke density was 
measured. 

The test extended over a period of approximately 
100 hr. Bituminous coal was burned at combustion 
rates which ranged from the highest obtainable 
to the lowest that can be maintained without losing 
ignition in the lower fuel bed. The smoke recorder was 
placed in operation and the zero reading adjusted before 
the fire was kindled, and was maintained in operation 
throughout the test. Analyses of the flue gas to 
determine the percentage of CO, were made at frequent 
intervals (5 to 30 min). Each time that an analysis of 
the flue gas was made, the flue gas temperature, draught, 
and smoke density were also recorded. 

The test period in which the maximum possible 
burning rate was maintained followed the starting cycle, 
after which the combustion rate was reduced in each 
succeeding cycle until absolute minimum had been 
reached. The periods between firings ranged from 5 hr 
at the maximum burning rate to 24 hr at the medium 
and lower rates. 


Comparison of Smoke Records with Those from an Under- 
feed Stoker. 


Since smoke density is very difficult to measure on an 
accurate quantitative basis, it seems logical to compare 
the performance of the new furnace with that of a 
stoker-operated furnace under similar conditions as to 
burning rate and when burning coal produced by the 
same mine. 

Test results show that considerably more smoke was 
produced by the stoker-fired furnace than by the smoke- 
less furnace under the conditions of high-rate burning. 
There was little difference in the amount of smoke 
produced by the two devices at moderate burning rates. 

The peaks in a smoke record from an underfeed 
stoker result when the fan and feedscrew are stopped 
after a period of operation. The momentary smoke 
production is caused by a shortage of secondary air, 
and the conditions are quite similar to those occurring 
in the hand-fired smokeless furnace when the dampers 
are abruptly changed from a wide-open position to one 
that is completely closed. In the case of the stoker, 
fresh fuel is continuously fed into the coking zone while 
the mechanism is in operation. The longer the period 
of operation, the greater is the rate of gas release at the 
time the fan is stopped and the longer will be the time 
interval during which there is a shortage of secondary 
air. It would therefore be expected that more frequent 
and more dense smoke emissions would occur in colder 
weather, and this is indicated by the cold weather and 
moderate weather records. 

Extremely low-rate burning was thoroughly in- 
vestigated in the case of the smokeless furnace, as it is 
under this condition that the amount of smoke produced 
is most affected by the exact condition of the fuel bed at 
the time of firing and by the technique used by the 
operator. During moderate winter weather and during 
cold weather the best possible results may be achieved 
by applying a standard procedure (shake grate, poke 
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down coke, and fill coking chamber) once or twice 
each 24 hr. The thermostat, through operation of the 
damper motor, will maintain a uniform room tempera- 
ture at all times. The writer can see no reason why 
results comparable to those obtained for high and 
medium burning rates will not be duplicated in a home 
equipped with a furnace of this type during weather 
which requires burning rates in those ranges. However, 
in early fall and in late spring, when the outdoor tem- 
perature at any time may rise to 70° F or above, it is 
necessary to leave a bed of ash on the forward part of the 
grate to prevent occasional over-heating. The correct 
procedure in firing the smokeless furnace under these 
conditions of operation is to poke the ashes through the 
grate at the back of the firepot, push all available coke 
back against the air channel, and place a small charge of 
coal in front of the coke. The results of the tests clearly 
indicate that if this procedure is followed, little smoke 
will be produced and good results will be achieved 
regardless of whether the previous charge is completely 
coked and hot, completely coked and nearly “‘ dead,” 
+ amd partly coked and nearly “‘ dead,” at the time of 
ring. 


Significant Performance Data from the Special Test. 

Performance data recorded during the special test 
of the second design are shown in graphical form in 
Fig. 5. The data shown in Fig. 5a were taken while 
the fuel was being consumed at the maximum burning 
rate attainable with the amount of draught which was 
used. The average burning rate during the 5-hr 
period was approximately 10 lb per hr. The fact that 
the flue gas temperature did not exceed 800° F indicates 
that a furnace of this type cannot be overheated if it is 
installed with a draught regulator which limits the 
draught to an amount approximating 0-06 in. of water. 
It may be noted from these data that the proportion of 
CO, in the flue gas reaches a maximum of 14 per cent 
when the furnace is fully charged and when a maximum 
—* rate is maintained for more than 1 hr after 

rin 

The data shown by the set of graphs appearing in 
Fig. 5b were taken while the fuel was burned at a 
moderately high rate approximating 6 lb perhr. During 
the 12-hr period of this test the dampers were closed 
when the temperature of the flue gases exceeded 550 
F and were opened when this temperature was reduced 
to 350° F. The graph of the flue gas temperature 
indicates that the fire responded readily to a change in 
the position of the dampers at all times throughout the 
period. The graph showing the percentage of CO, in 
the flue gases indicates that there is considerable 
variation in this performance item when the position 
of the dampers is frequently changed. The average 
percentage of CO, for this test period was approximately 
9-0 per cent. 

Graphs which indicate the results obtained from a 
24-hr period in which the fuel was burned at a medium 
rate approximating 34 lb per hr are shown in Fig. 5c. 
During this period an attempt was made to keep the 
temperature of the flue gas constant at 300 F. During 
the fore part of the period, when the fire was most 
responsive, the dampers were closed nearly all the 
time ; near the end of the period, when the fire was not 
very responsive, the dampers were open continuously. 
These data indicate that satisfactory heating performance 
may be achieved with a hand-fired furnace of this type 
by giving it attention only once each 24 hr during mild 
weather and during moderately cold weather. However, 
the low percentage of CO, during the last half of the 
period indicates that better combustion efficiency would 
have been achieved if the furnace had been refired after 
12 hr of operation. 

Fig. 5d shows two sets of graphical logs, each 
covering a 24-hr test in which the fuel was burned at a 
very low combustion rate except for a brief period after 
firing the furnace. 
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(a)—Maximum burning rate. Dampers open continuously. 
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(c)—Medium burning rate. Fiue gas temperature maintained at 
an average value approximating 300° F. 
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(b)—High burning rate. Flue gas temperature maintained at an 
average value approximating 450° F. 
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(d)—Low burning rate. Dampers closed throughout the two 
tests except for a short period at beginning. 


Fig. 5. Graphical logs showing data taken during special test of second design. 


The principal difference between the two test 
conditions shown by the two sets of graphs was in the 
temperature of the small bed of coke in the furnace 
when it was fired. At the time of firing in the cycle 
represented by the graphs which are shown as solid 
lines, the small bed of coke was red-hot when the furnace 
was fired, whereas at the corresponding time in the cycle 
represented by the broken lines the small bed of coke 
was almost completely ‘‘ dead,” with only a few glowing 
coals in the interior of the fuel bed. 

In the case of the first-mentioned cycle, the fire 
responded almost instantly and the flue gas temperature 
reached a value of 400° F within 15 min after the furnace 
was fired. In the case of the second cycle, approxi- 
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mately the same volume of coke remained in the fuel 
bed, but it had cooled to the point where only a 
small portion was still ignited when the furnace was 
fired. This condition was due to the fact that the 
dampers had been continuously closed for a period of 
18 hr. It may be noted that the temperature of the 
flue gases at the time of firing was only 104° F. In the 
second test the fire responded much more slowly after 
firing and the dampers remained open for nearly 2 hr 
before the temperature of the flue gas reached 400° F. 
The conditions of operation during the two periods 
for which data are shown in Fig. 5d were designed to 
simulate actual service conditions during early fall and 


Concluded on page 406 
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The Influence of the Boiling Characteristics of Petrol on the 
Liquid Film Deposited on the Walls of the Intake of a 
Combustion Engine 


By Ye. A. CHUDAKOFF. (From Avtomobilnaya Promyshlennost, No. 12, December, 1948, pp. 2-4, 9 illustrations.) 


EXPERIMENTS have been carried out in the Special 
Laboratory of the Russian Ministry of the Automobile 
and Tractor Industry in connection with the effect of 
the boiling characteristics of an engine petrol on the 
proportion of fuel deposited as a liquid film in the 
engine intake. For this purpose, a manifold design was 
evolved which is claimed effectively to trap the deposited 
liquid under a wide range of engine operating conditions. 
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Fig. 1. Diagram of test equipment. 


1—carburettor, 2—intake pipe, 3—liquid fuel trap, 4—pressure 
gauge connections. 


Fig. 1 gives a diagrammatic view of the set-up used 
in the investigation. At the flange end of each intake a 
special liquid fuel trap is inserted, which removes the 
liquid film before it can reach the intake valve. This 
trap is reproduced in section in Fig. 2, which is self- 
explanatory. A pipe conveys the trapped fuel to a 
collecting cylinder, inside which a vacuum is created 
through a connection with the intake pipe. The 
liquid fuel trap is claimed to collect almost all deposited 
fuel. Three types of petrol were used in the experi- 
ments :—(1) “ B-70” with a final boiling point of 
173° C, (2) a winter motor fuel with a final boiling point 
of 188° C, and (3) a summer motor fuel, final boiling 
point 223° C. 








Fig. 2. Section through liquid fuel trap. 


One series of tests was carried out with the engine 
idling, cooling water temperature 75° C, crankcase oil 
temperature 55° C, at speeds ranging between 230 and 
700 rpm. Fig. 3 shows that the proportion of fuel 
deposited on the wall dropped rapidly as the engine 
speed was increased. It also indicates that the high 
boiling fractions of the fuel have a considerable influence 
on the volume of fuel deposited in the intake of the 
idling engine, even when heated up. 
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Fig. 3. Graph showing the fuel deposited as a percentage of 
the total fuel consumption vs engine speed. (Engine idling.) 
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Further experiments were made under “ starting ” 
conditions, i.e., at an engine speed of 450-500 rpm, 
with the throttle 10 per cent open, and water and air 
temperatures of 12 and 18° C respectively. As shown 
in Fig. 4, the proportion of fuel deposited—varying 
between 40 and 48 per cent—was greatly increased when 
compared with the first series of tests, but the difference 
between the individual types of petrol was reduced. 
The scatter of individual points was caused by un- 
avoidable variations in temperatures. Again, the 
higher boiling petrol tended to deposit a greater pro- 
portion than the lower boiling fuel. 





> 
Z 50 
U 
a 45 
Ww 
a 
a 40 
Ww 
= 
H 35 
& 30 
ra} 
a 
Ww 
P ) 
uw 
\ 2 3 
PETROL No 


Fig. 4. Graph showing the fuel deposited as a percentage of 
the total fuel consumption when starting, for three different 
types of petrol. 

It is concluded that with the engine idling, even 
when fully warmed up, the proportion of liquid fuel 
deposited on the walls of the intake is greatly affected by 
the heavy fractions boiling above 180° C, so that engine 
petrol should contain as little as possible of these 
fractions. 

When starting a cold engine, the effect of the heavy 
fractions on the volume of fuel deposited is comparatively 
small and it seems to be more influenced by the in- 
termediate fractions. The proportion of deposited 
fuel is, however, much greater in this case, and to 
reduce this, preheating of the engine prior to starting 
is recommended. 

In addition to the recommendations outlined above, 
the developed liquid fuel trap—possibly modified and 
improved in the light of experience gained on the road— 
is proposed as a very effective means of eliminating the 
liquid fuel film and its harmful effects. 
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Figs. 53 and 54 (left). Plasteiipdel 
of a new horizontal millg® by 
Prof. Zdenek Kovar. (Sideilew.) 


General 


LATHES, which have been discussed in previous issues*, 
possess the functional feature of a rotating workpiece 
and a travelling or feeding tool. In other words, 
turning is a method of removing metal with a non- 
rotating tool. Milling and grinding processes are 
characterised by their function of removing metal with 
a rotating tool, the work travelling or feeding past the 
cutter or the grinding wheel. Although there is 
functional similarity between these two machine tools, 
they differ greatly in construction and appearance, this 
being due to the fact that the degree of metal removal is 
different. Furthermore, in the case of grinders, there 
are fewer operations to allow for. 

In the preceding instalments of this series of articles, 
an attempt has been made to trace national trends in 
design, but, as could be seen, there are no clearly defined 
characteristics. Therefore, in the following descrip- 
tions and illustrations of machine tools the aim is to 
seek the contemporary idiom in design as a result of 
enone progress and following aesthetically satisfying 
orms. 




























*See July, August and September issues of THE ENGINEERS’ DIGEST. 






Fig. 56 (left), Cincinnati vertical milling 
machine, No. 2MI. 
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Milling Machines 


Apart from special types, milling machines can be 
conveniently divided into two groups : knee-and-column 
milling machines and production (bed) type milling 
machines. 


KNEE-AND-COLUMN MILLING MACHINES. 


Among milling machines, the knee-and-column 
type machines represent the general purpose machine 
tool. They may be subdivided into three groups: 
horizontal (plain), universal and vertical. 

Let us look at the main elements involved in the 
They are the horizontal 
spindle, the column, the knee, saddle, table, overarm 
and the speed and feed change mechanisms. Vertical, 
transverse and longitudinal movements or positionings 
of the workpiece are available. Vertical movement is 
obtained by the mechanism that attaches the knee to the 
column, transverse movement by moving the saddle 
in relation to the knee, and longitudinal movement by 
moving the table relative to the saddle. 

The sole difference between horizontal and universal 
milling machines is the additional fourth movement 
that allows swivelling of the table in a horizontal plane. 
The universal milling machine derives its name from 
this additional movement, and should not be confused 
with horizontal milling machines convertible by means of 
swivel attachments to the vertical type, the latter, of 
course, being characterized by the vertical spindle. 

The knee-and-column machines are of great interest 
to the industrial designer as an example of a machine 
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Fig. 55. 


Plaster of Paris mode! of a new vertical miling 
machine by Prof. Zdenék Kovar. 


form, various elements of which can be balanced 
asymmetrically. The harmonious integration of the 
component forms of the machine to a balanced entity is 
another most important requirement which, as in 
any other form, must be achieved in order to be 
aesthetically satisfying. Functionally, great rigidity is 
required by the column and overarm, and this is bound 
to be reflected visually in good design. A plaster model 
of a horizontal milling machine of Czech design!> is 
illustrated without knee and table in Figs. 53 and 54, 
showing the unity of form generally aimed at in con- 
temporary machine design. The motor and trans- 
mission elements are completely enclosed by the column 
and a detachable housing. The size and distribution of 
ventilating louvres in this housing have been carefully 
thought out. Another plaster model, by the same 
designer, Prof. Zdenék Kovaf, Fig. 55, represents a 
vertical milling machine with knee, but without table, 
and is intended to serve here as a further example of 
good form. In showing these plaster models the 
reader’s attention is drawn to this three-dimensional 
tool of the industrial designer which he uses in much the 
same way as the sculptor in arriving at harmonious 
forms. 

* In the following illustrations and descriptions of 
machines actually built, we shall touch upon desirable 
features that may contribute to the contemporary 
idiom. In view of space restrictions, technical fea- 
tures are described with reference to one particular 
make, but it must not be inferred that these features 
are exclusive to that make. Another reason for adopting 
this method is the desirability of logical sequence with 
the minimum of repetition. 

The American Cincinnati horizontal miller No. 2MI 








Fig. 57 (left). Rear view of Cincinnati 
horizontal milling machine, No. 2MI. 
























shown in Figs. 57 and 58 is also built in Britain ; 
of clean lines and excellent shape, this machine is 
representative of good design that we have come to 
regard as “‘ modern” in milling machines of the knee- 
and-column type. Note the sturdy pyramid-shaped 
column of uniform strength. This construction is 
visible evidence of a rugged framework, an important 
requirement for vibrationless milling. The smooth 
lines of the column and pleasing blend of the units 
enable easy cleaning. Equally excellent features can 
be found in the vertical variety of the model shown 
in Fig. 56. 

Another Cincinnati milling machine, illustrated 
in Fig. 59, shows a workpiece so set-up that the 
operator has a full rear view of the cutter and 
the work. He has also complete manual and 
power rear control. He is seen changing speeds and 
feeds with one lever, which is for hydraulic power. 
Just above and in front of his left hand are the speed 
and feed dials, the face disc of which contains a milling 
speed calculator. Should the job require that he be in 
front of the machine, he has a clear view of the speed and 
feed dials from the front operating position. He is not 
required to walk around to the rear of the machine to 
change speeds and feeds, as the single lever for speed 
and feed changes by power is duplicated in front, 
and thus these changes can be made from either the 
front or rear operating positions. By replacing the 
two or three levers used in older machines for manual 
feed and speed changes by a single lever, damage from 
sudden engagement of gears is eliminated, as this 
function: is transferred to the machine. Thus, the feed 
and speed changes by single lever control are performed 
smoothly and without effort, resulting in a reduction 
of time and energy and consequent reduction of manu- 
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Fig. 58 (ieft). Top view of Cincinnati No. 
2MI horizontal milling machine. Overarm 
withdrawn to extreme position. 


Fig. 59 (below). Cincinnati universal 
milling machine. 


facturing cost. The same considerations apply to hand 
controls for the adjustment of knee and saddle. In 
other words, manual controls (see hand cranks facing 
the onlooker in Fig. 59) are placed at the rear operating 
position as well as at the front of the machine, and are 
provided with pull-out type micrometer dials, which 
have to be pulled, turned to the desired setting, and 
released. All hand crank levers are automatically 
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Overarm 

Milling head locking screws 

Milling head sliding control wheel 
Micro-reading for transverse motion 
Automatic feed lever (feed or rapid traverse) 
Independent feed motor 

Telescopic coolant return 

Double action treadle for clutch and brake 
Column 

Overarm locking lever 

and-wheel for spindle rotation 

‘Three levers giving eight spindle speed ranges 
Light alloy cover for Vee-belt drive 

Oil level indicator of the spindle speed gear box 
Selector giving 5 consecutive speeds in each 
speed range 

Spindle drive motor housed inside the column 
Base forming coolant reservoir 


Fig. 60. Rear view of the Gambin horizontal 
milling machine with universal head fitted. 


disengaged when the feed or rapid traverse levers are 
engaged, thus protecting the operator against injury if 
he forgets to disengage the hand-crank before engaging 


the feed or rapid traverse. 
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Fig. 61. 
milling machine with universal head fitted. 









The French horizontal milling machine Gambin 
No. 27, a new miller manufactured by C. Gambin & Cie., 
Billancourt, shown in Figs. 60 and 61, is a well con- 
ceived machine of pleasing appearance. It has been 


Illumination by two lamps switched from the 
panel in front of the knee 

Electric control cabinet 

Longitudinal manual feed control 

Selector for four consecutive feed ranges 
Selector for nine consecutive feeds in each feed 
range 

Oil level indicator in the feed gear box 

Fuse box 

Electric pump cover 

Coolant level indicator 

Sliding universal head milling attachment 
Micro reading for longitudinal traverse motion 
Manual feed (duplicate control) 

Reversing lever for all motions 

Rapid traverse control lever 

Automatic feed lever (feed or rapid traverse) 
Unified manual control for all three traverse 
motions 

Panel for electric pilot lights and switches 
Locking levers. 





Front view of Gambin horizontal 
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Fig. 62. Gambin horizontal — machine No. 21 (older 
type). 


evolved after investigating the possibilities of com- 
plete re-design of the older model, Fig. 62, the 
only feature of the latter that has been retained in 
the machine being the sliding universal head milling 
attachment. It will be noted that, in the older machine, 
the overarm which was of tubular construction had to be 
removed when fitting the universal head milling attach- 
ment. 

In examining the forms of the various members, the 
present tendency to create harmonious external forms 
with unbroken surfaces and clean lines has, of course, 
been followed. It is claimed that the guiding principle 
was “‘ form follows function.” 

In the first place, the substantial increase in the power 
of the machine from 4 to 10 hp and the increase in speed 
from 710 to 2000 rpm necessitated an investigation as 
to the best possible balance of masses which were 
increased owing to the requirement of greater rigidity. 
The forms of the frame and the knee meet these re- 
quirements and result in more massive and better 
balanced component parts. The new machine provides 
an interesting comparison with the old type in that it 
has a box-type ribbed overarm of dovetail construction, 
leading to a clean and well integrated design. As can 
be seen from Figs. 60 and 61, the overarm only requires 
to be retracted when fitting the universal head. 

In the second place, the investigation of the new 
design was directed towards ease of control and oper- 
ation. The various levers, which stand out well, have 
been grouped as far as possible in two perpendicular 
planes. All three motions (knee, saddle, and table) are 
operated by controls situated at the front of the knee. 
On the right-hand side of the frame are grouped the 
speed and feed levers as well as the locking screws and 
control wheel for the sliding universal head. 

Moreover, especially in the case of feed control, the 
levers have been arranged within easy reach of both the 
operator’s hands, allowing simultaneous operation of 
two levers when this is required. 

The grouping of the controls in the smallest possible 
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number of planes and their rational arrangement in 
each plane largely contributes to a great general im- 
provement on the older machine from a functional and 
operational point of view. 

Unfortunately, the black-and-white illustrations of 
the machine do not bring out the value of the use of 
colour in its functional and aesthetic significance. The 
present-day recognition and appreciation of the necessity 
of creating contrasts has led to the following scheme. 
The whole machine is painted static green. Contrasted 
with this background, the levers and control wheels are 
in black and are provided with knobs of different colours 
according to their functions : control and locking handles 
in black; speed and feed change levers in green; 
automatic clutching and rapid traverse in red. 

The aim towards silence at the high speeds and 
powers obtained in the new type of machine has led to 
the widest possible adoption of helical gears. The 
further objective of obtaining constructional rigidity of 
the machine in order to prolong its service life has led to 
the adoption of splined shafts for sliding gears. 

Standardisation in design of the different members 
has been introduced as far as possible. This has made 
it possible, in particular, to reduce the number of shaft 
diameters as well as the number of gear modules in the 
whole of the machine. This standardisation and the 
need for further economy in production led to the deci- 
sion to produce only one model in two capacities, using 
as many identical parts as possible. The initial in- 
vestigations were directed towards the light-duty type 
because of the greater space restriction. Thus, a large 
number of parts developed for the light-duty type could 
be incorporated in the heavy-duty machine. 

Two current Czech universal millers MAS FU1 
(Fig. 63) and MAS FU2a (Fig. 64) are illustrated here, 
as the latter appears to have evolved from the former 
and approaches the form of the model shown in Fig. 53. 





Fig. 63. Universal milling machine MAS FU1. 
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Fig. 64. Universal milling machine MAS FU2a. 


It may be mentioned in passing that both machines 
shown are fitted with a dividing head as used for gear 
milling. In Fig. 63 the open lid shows a conventional 
lead mechanism for providing the lead to the dividing 
head. The bracing of the arbor support by two separate 
braces is an obstruction to the operator and is not only of 
obsolescent design but lacks aesthetic merit. It requires 





Fig. 65. 


Universal milling machine Werner No. 2212. 
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the adjustment of four locking nuts for any vertical 
movement of the knee. The single-piece reversible 
brace with a bridle section at its lower end requires 
adjustment of two nuts only, and it can be attached left 
or right to suit the direction of feed or for reasons of 
accessibility. The power required for the machines 
described above is not more than about 6 hp. For 
heavier machines, a still more elegant solution will be 
described below. Figs. 65, 66 and 67 refer to knee- 
and-column machines of the Fritz Werner A.G., Berlin, 
and are characterized by great rigidity, facilitating the 
use of cemented carbide cutters for heavy cuts, where a 
10 hp motor is available. A wide speed range enables 
large cutters to be used for high-speed milling of light 
alloys. At the outer end, the knee is supported by a 
strong brace, which, in the universal type, is connected 
with the overarm by an upper brace. In this way, a 
rigid frame is formed (Fig. 67) which need not be 
opened or adjusted for vertical movement of the knee. 
This upper brace is made of light alloy; by suitable 
ribbing, it is made as strong as a cast iron brace, yet it 





Fig. 66. Vertical milling machine Werner No. 2232. 


can be easily lifted with one hand. The operating 
controls of the Werner miller will be described with 
reference to the vertical type shown in Fig. 66. A 
horizontal ball-grip lever and a vertical ball-grip lever 
can be seen at either end of the saddle. These are 
duplicated controls, the vertical lever being for manual 
intermittent longitudinal rapid traverse control, while 
the horizontal lever is a ‘‘ single-lever”’ longitudinal 
power feed control. The function of these two levers 
will be clear from Fig. 68. There is another ball-grip 
lever just visible in Fig. 66, which is the control lever for 
transverse and vertical power feeds, but this is not shown 
in Fig. 68. 

Single-lever Control : When disengaged, the control 
lever is in the position A (Fig. 68). After the motor has 
been switched on for the desired direction of rotation, 
the control lever is turned to the position B, thereby 
engaging both the spindle and the coolant pump. When 
the lever is further advanced to C, the automatic feed is 
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Fig. 67. Base, column, overarm and brace of milling 
machine shown in Fig. 65. 


thrown in. Thus, the feed can only be engaged when 
the spindle is running. When turning the lever back 
from position C, first the feed is positively cut out 
(position B) and then the spindle (position A). Moving 
the lever beyond A to D, the spindle is instantly stopped 
by a brake. On releasing the lever at D, it returns 
automatically to the “‘ off ”’ position at A. 


RAPID TRAVERSE: 


OFF > 7 
ert Op 
o}* \ x ‘Cry 





SPEED AND FEED. 


Fig. 68. Longitudinal power feed and rapid traverse control 
of milling machine shown in Fig. 66. 


Likewise, the transverse and vertical power feeds 
controlled by another “single lever”? (not shown in 
Fig. 68) can only be engaged when the spindle has 
previously been thrown in by the longitudinal power 
feed “‘ single lever ” (position B in Fig. 68). 

Manually controlled intermittent rapid traverse: By 
moving the rapid traverse lever in the direction of the 
desired movement, the cutting feed driven by the main 
motor is disengaged and the rapid traverse driven by a 
motor attached to the saddle is engaged for longitudinal 
travel. This rapid traverse movement takes place as 
long as the lever is held fast ; it is interrupted as soon as 
the lever is released. When the rapid traverse is cut out, 
the table stops. The feed is now re-engaged by turning 
the ‘‘ single lever ” for feed to position C (Fig. 68). 

As machining times approach optimum values, it is a 
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general tendency in present-day machine tool design to 
reduce handling and idle machine time to a minimum 
(see Lathes, Part I, p. 248, July issue of ‘“‘ The Engineers’ 
Digest ’’) and thus reduce operator fatigue and manu- 
facturing costs. The “single lever” control is one 
means to this end. We shall revert to this problem 
when we come to deal with automatic cycle milling with 
production milling machines, but at this stage a further 
simplification of the single lever control will be shown, 
such as is employed on a German Loewe milling machine 
(Fig. 69). 



































Fig. 69. Loewe mono-lever control. 
Control lever positions : 
(a) rapid approach and feed, (b) table stopped and table braked, 
(c) momentary stop of table and spindle, (d) rapid traverse to left, 
(e) feed to left, (f) feed to right, (g) rapid traverse to right. 


Another interesting vertical milling machine is 
the 50-hp driven No. 5CSM model made by Kearney & 
Trecker, of Milwaukee, Fig. 70. It incorporates a 
built-in chucking table for simplification of work 
holding problems.'* These tables can be used for 
irregularly shaped workpieces, without resorting to 
costly special tools and fixtures. An operator’s tool 
tray is cast into the machine table at both ends for hand 
tools and small set-up accessories. In the chucking 
table there are five traverse and three longitudinal T- 
slots; the longitudinal centre T-slot is standard to 
accommodate vices, rotary tables, etc. A number of 
simplified vices are supplied as chucking-table acces- 
sories. 

In connection with lathes it has been mentioned that 
design trends have been and are still characterised by 
changes necessitated by tool developments (Lathes, 





Fig. 70. Kearney & Trecker vertical milling machine 
No. 5 CSM. 
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Fig. 71 (above). Heller horizontal] milling 
machine, No. FH 120. 


Fig. 72 (right). Cross-sectional view of the 
Heller milling machine shown in Fig. 71. 


Part I, p. 247). One such development is the increasing 
use made of negative rake-milling with cemented 
carbide cutters.'7 Economic employment of this 
tool requires : (a) high cutting speed ; (b) ample power ; 
(c) no fluctuation in speed which puts a greater load on 
the tool ; (d) rigidity of the machine, the tool and the 
work-holding device. The Heller horizontal milling 
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machine, Figs. 71 and 72, has been 


built with a view to satisfying 
the above requirements. All slides 
are of the prismatic type with 


maximum spacing, the rigid column 
being dimensioned to take the heavy 
cutting loads imposed when removing 
metal at a high rate. The overarm and 
arbor supports are of robust con- 
struction ; the arbors have substantial 
bearing collars. Bracing can be dis- 
pensed with, as the overarm is well 
ribbed and permanently bolted to the 
column (Fig. 72). The drive consists of 
a 30-hp motor which, via a multi-disc 
clutch; a 9-speed slide gear, and a multi- 
vee rope transmission, give a direct 
range to the spindle of 235 to 1500 rpm. 
Through a reduction gear a further 
range of 30 to 190 rpm is obtained. 
Each of the feeds has a separate hy- 
draulic pump for stepless control. Note 
the speed-selector dial with window, 
scales for each feed, and dogs for auto- 
matic control at the table, Fig. 71, as 
well as duplicated starting levers, and 
** single control ” levers, lubrication and 
coolant return, Fig. 72. 

A British equivalent machine built 
for use with tungsten carbide and 
negative rake cutters is the Adcock & 
Shipley No. 4AG horizontal milling 
machine, Fig. 73. When intended 
for heavy-duty work, the machine 


is driven by a 25-hp motor, but if required for less 
arduous duty a 10-hp or 15-hp motor is fitted. 
Twenty-four spindle speeds ranging from 23 to 1260 
rpm are available, and the gearing is so arranged that 
the diameter of the largest size cutter to be used is less 
than that of the final drive gear wheel. This conception 
is said to eliminate chatter due to tooth deflection and 
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Fig. 73. Adcock & Shipley 7? ores milling machine, 
4 “ 


r 


torsional vibration. A large and heavy final drive 
wheel behind the spindle nose bearing acts as a flywheel, 
found to be indispensable when milling with carbide 
cutters with negative rake. It is worth mentioning that 
when using the latter tools, the use of a coolant can be 





Fig. 75. Vertical-head milling attachment made of 


aluminium alloy. (By courtesy of Aluminium Development 


Association.) 
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Fig. 74. Adcock & Shipley vertical milling machine, No. 4 V. 


dispensed with, as there is no increase in temperature. 
This is due to increased heat removal with the chips. 
A vertical milling machine of the same firm, No. 4V, 
is shown in Fig. 74. 

In the preceding papers of this series the advantages 
inherent in aluminium alloys as applied to machine 
tools have been stressed (Lathes, Part I, p. 247). The 
lathe base shown in Fig. 40 (Lathes, Part III, p. 328) pro- 
duced as an aluminium alloy casting weighs only 258 lb. 
With heavy duty machines, and with milling machines 
requiring rigidity, it may not be possible to use light 
alloys for machine frames. However, for parts not highly 
stressed, especially for those requiring repeated removal 
and re-fitting, a good case can be made out for light 
alloys. The overarm brace, Fig. 65, and arbor supports 
on the Cincinnati miller, Fig. 57, are examples of the 
correct application of light alloys to machine tools. 
Also belonging to this group are milling attachments, 
one of which is shown in Fig. 75 fitted to the British 
Parkson No. 1NA universal milling machine. This 
vertical head-milling attachment, as originally supplied, 
weighed 128 lb. Re-designed for casting in aluminium 
alloy it weighs 46 lb complete with gearing and cutter. 
Block and tackle which were formerly required for 
changing the head are now unnecessary, fitting time 
thus being reduced. 


(To be continued). 
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A New Flame Cutter 


By L. G. BUCKLE. 


THE writer has been closely associated with the gas 
cutting industry for almost forty years, both in the 
U.S.A. and, latterly, in Great Britain. 

During this period, tremendous progress has been 
made in the adaptation of gas to the requirements of the 
metal industries for the flame cutting of ferrous metals, 
but little progress has been made towards economy in 
the use of industrial gases necessary to the process. 

As the result of an intensified study of costs involved 
in this process, a new torch has been developed by the 
Buckle Flame Cutter Co. Ltd., of Oldfield Lane, 
Greenford, Middx., England, which is designed to 
maintain or increase the cutting speed as compared 
with torches in general use, and at the same time to keep 
the consumption of fuel gas as low as possible. In 
particular, it was aimed to produce a torch which is 
self-balancing under recommended pressures in order to 
ensure efficiency when in the hands of semi-skilled 
operators. 

Flame cutting is essentially a process of assisting the 
combustion of ferrous metals by the application of 
oxygen along a prescribed path. The pre-heating 
flame is merely a means of liquefying ferrous metals in 
order to create conditions conducive to the commence- 
ment and maintenance of the combustion of these 
metals. When metal has been prepared to “ kindling 
point ” by the application of the pre-heating flame, and 
an oxygen jet is supplied to the metal, the combustion 
or oxidation of the metal itself sets up a tremendous 
source of heat. Theoretically, this source of heat is in 
itself sufficient to continue the process of cutting along 
the prescribed path. Under ideal conditions, with a 
mechanically borne torch, the writer has himself 
succeeded in cutting clean ?-inch plate for 29 lineal 
inches with the pre-heating flame entirely extinguished. 

In general practice, however, it is necessary to hold 
the “ kindling point ’’ in advance in order to break up 
scale or to safeguard against the effects of vibration, 
particularly in hand operation. 

The Buckle flame cutter is designed to take ad- 
vantage of what may be termed the “‘ secondary source of 
heat,” that is, the heat provided by the metal in com- 
bustion and, in effect, to conserve such quantity of the 
supplied gases as may be conserved without reducing 
the cutting speed. 

No claim is made to the conservation of oxygen 
through the cutting jet. The combustion of ferrous 
metals depends on their carbon content and alloy 
constituents and cannot be enhanced by increasing the 
pre-heating temperature beyond the combustion limits 
of the respective metals. 

Thus, conservation of oxygen, although it has 
proved on average to be approximately 134 per cent 
overall in actual field practice, may be considered to be 
due only to the maintenance of balance in the pre- 
heating flame. 

On the basis of 100 cu ft of oxygen used in a given 
operation, an average of 75 cu ft is necessary for the 
cutting jet in the standard torch. The consumption 
of oxygen in the standard torch is, therefore, an average 
of 25 cu ft for the balancing of the pre-heating flame, 
whereas, although the Buckle torch equally requires 
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an average of 75 cu ft for the cutting jet, it only uses an 
average of 11°5 cu ft of oxygen in the pre-heating 
flame, which is equivalent to a reduction of 54 per 
cent of oxygen in the pre-heating flame itself. 

As it is highly necessary to maintain perfect balance 
of the neutral flame, it follows that a particular saving 
in oxygen must balance with a commensurate saving 
in fuel gas. Thus, an examination of the accompanying 
table will show an average saving of 55 per cent of 
fuel gas. 

If economy is attempted with a standard torch by 
valving down the normal supply of heating gas, the 
starting speed is greatly reduced. In practically all 
classes of hand cutting, rapid starting is of prime im- 
portance, particularly on scaly or rounded surfaces, 
where the applied heat is largely deflected. 

The entire objective of the Buckle principle is to 
equal or surpass normal starting speed and to maintain 
only sufficient applied heat to carry on combustion. 





Fig. 1. The Buckle hand cutter. 

Construction and Operation of the Buckle Flame Cutter. 

The general design of the hand cutter is on con- 
ventional lines, as shown in Fig. 1; a leverage action, 
however, is exerted on the main cutting valve 
towards the head of the torch, as distinct from the action 
of the ‘ butterfly ” valve sometimes employed, which 
operates crosswise and is considered to have a tendency 
to deflect the cutter from its correct path. The Buckle 
cutter is considerably lighter in weight than cutters in 
general use in Great Britain, but is particularly robust at 
the head, in view of the regrettable inclination of some 
operators to use the torch as a hammer. 
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Fig. 2. Diagrammatic lay-out illustrating the operation of 
the Buckle flame cutter. 

The patented features are contained within the main 
body and may perhaps be regarded as constituting two 
torches in one, as shown diagrammatically in Fig. 2. 

When the cutting lever is depressed and the cutting 
valve is closed, the pre-heating oxygen and the fuel gas 
are each fed to the nozzle to its full capacity through two 
separate balanced channels. 
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When the cutting valve is opened by releasing the 
lever, one of each of the pre-heating and fuel gas 
channels is automatically closed and the nozzle is only 
fed through the other channels, these being ducted to 
achieve neutral flame balance. 

The valves which supply the additional source of 
heat to facilitate quick starting are directly coupled to the 
main oxygen cutting valve. Thus, every action of the 
cutting valve for re-starting creates an immediate change 
in the volume of the pre-heating flame, increasing or 
decreasing it according to whether heating or cutting is 
required. 

Perfect neutrality of the flame being maintained, its 
appearance is not greatly changed. As a matter of fact, 
the operation of the cutter is more readily perceptible by 
the ear than the eye. If the cutting orifice of the nozzle 
be plugged, for instance, by packing it with asbestos 
string, the sound effect of the changing flame as a result 
of the change of volume is quite evident. The balancing 
of both supply channels has been so arranged as to 
ensure perfect flame balance with both the gas and 
oxygen valves wide open, and this greatly enhances the 
performance of semi-skilled operators. 

The cutter is designed to combine the most valuable 
features of the injector and high-pressure principles, the 
high-pressure torch being designed to achieve balanced 
mixture through ducts in the head or nozzle, while the 
injector or low-pressure type is designed to achieve 
mixture on the injector or Venturi principle. It is 
considered that a combination of these principles in 
proper balance is highly desirable. To assure maximum 
efficiency, cutters can be supplied balanced for gas, 
such as dissolved acetylenef&propane or coal gas, as 
required. The balancing features, however, are readily 
interchangeable on the job, should it be necessary to 
change the gases in use. 





Fig. 3. Cut on 5 in. mild steel with propane, 5/54 in. nozzle, 
22 ft per hour. 


This offers great freedom of action for special 
requirements. For instance, in profiling to finish, a 
sharp clean top edge is often greatly desirable, and in 
this connection attention is directed to the 5-in. cut 
with propane as shown in Fig. 3. 


i ota 


- Joe ee 
— ae ee oe 
ent Oe 





Fig. 4. Cut on 3/4 in. mild steel with propane, 1/1, in. nozzle, 
00 ft per hour. 


In cutting very thin metal, it is essential to avoid 
excessive pre-heating and consequent melting. The 
Buckle torch can be supplied to deal with this problem 
by the introduction of restrictive means for adapting 
the flame to any given work with the valves fully open. 

As the result of an intensive study of nozzle develop- 
ment, the splined two-piece nozzle with copper external 
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is favoured, splining being employed for all types of 
gases, including acetylene. 

The cutter is designed for speedy repair and re- 
assembly, the cutter being parted and the injector being 
exposed by loosening two nuts. 


Performance. 

The test results shown in the accompanying table 
are a selection from a large number of reports submitted 
by various official and industrial organisations. It 
should be clearly pointed out that all these tests have 
been carried out by operatives in the employ of these 
organisations, the Buckle Flame Cutter Co. furnishing 
only the equipment. All tests were made through 
flowmeters graduated in mm and it will be noted that 
the economies achieved have surpassed the claims of the 
manufacturers. 





TESTS: 1. 2. 3. Machine Cutting, using D/Acetylene and Oxygen. 
TESTS: 4.5.6. Machine Cutting, using Pyro Gas and Oxygen. 
All trials carried out using #4 in. nozzles in both cutters. 


TEST 1. 
(Standard 8 psi) 
Gas pressure (Buckle 6 psi) 


Thickness of plate } in. ) 
Oxygen pressure 45 psi 


Cutting speed 70 ft/hr 


GAS OXYGEN 
Standard Torch 32 mm 63 mm 
Buckle Torch 5 mm 39 mm 


Saving : 27 mm = 84:3% 24mm = 38:1% 





Ter 2. 
Gas pressure 8 psi 


Thickness of plate 1 in. : 
Oxygen pressure 50 psi 


Cutting speed 55 ft/hr 


GAS OXYGEN 
Standard Torch 31 mm 66 mm 
Buckle Torch 10 mm 40 mm 
Saving: 21 mm = 67:7% 26 mm = 39°4% 
TEST 3. 


Gas pressure 8 psi 
Oxygen pressure 60 psi 


Thickness of plate 1} in. 
Cutting speed 45 ft/hr 


GAS OXYGEN 
Standard Torch 25 mm 66 mm 
Buckle Torch 9mm 47 mm 


Saving: 16 mm = 64% 19 mm = 288% 
TEsT 4. 


Gas pressure 4 psi ; 
Oxygen pressure 45 psi 





Thickness of plate } in. 
Cutting speed 60 ft/hr 


GAS OXYGEN 
Standard Torch 14mm 59 mm 
Buckle Torch 7mm 47 mm 
Saving: 7mm = 50% 12 mm = 20:3% 
TEST 5. 


Gas pressure 4 psi 


Thickness of plate 1 in. . 
Oxygen pressure 50 psi 


Cutting speed 50 ft/hr 


GAS OXYGEN 
Standard Torch 15 mm 59 mm 
Buckle Torch 7mm 52 mm 


Saving: 8 mm = 53:4% 7mm = 11:85% 
TEST 6. 
Gas pressure 4 psi 


Thickness of p!ate 14 in. : 
Oxygen pressure 60 psi 


Cutting speed 40 ft/hr 


GAS OXYGEN 
Standard Torch 16 mm 70 mm 
Buckle Torch 9mm 62 mm 
Saving: 7mm = 43-:7% 8mm = 11-43% 





The usual test procedure consists in speeding up a 
mechanically borne cutter of the type generally used by 
the operator, with a given oxygen pressure, to the highest 
cutting speed at which the severed part will drop off. 
Flowmeter readings are carefully checked and re-checked 
during the operation. Pressures and speeds are then 
left constant, the only change being the substitution of 
the Buckle cutter for the cutter of standard design. 

The cutting procedure is then repeated and a record 
is taken of flowmeter readings for comparison purposes. 
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CERAMIC ENGINEERING 
High-Strength Ceramics for High-Temperature 
Use 





(From Technical News Bulletin, National Bureau of 
Standards, U.S.A., Vol. 33, No. 9, September 1949, 
pp. 103-105, 3 illustrations.) 


BECAUSE design engineers projected their plans into 
regions of temperature and stress far beyond the poten- 
tialities of known metallic alloys, a survey of non- 
metallic compounds, especially the oxides, silicates, 
carbides, and related combinations peculiar to ceramics 
became necessary. 

When the National Bureau of Standards was re- 
quested to obtain engineering data on ceramic bodies in 
ension at elevated temperatures, it was thought advis- 
able to begin the work on materials that could be pro- 
duced with available industrial facilities. A compre- 
hensive investigation was begun on the high-temperature 
strength and creep in pure tension of oxide bodies 
developed at the National Bureau of Standards. 

Maximum observed creep rates, for all of the bodies 
tested, may be summarized as ranging from about 
0:0001 to 0-0002 per cent per hour at 1,700° F for the 
range of stresses used ; from 0-0002 to 0-0008 per cent 
per hour at 1,800° F and a stress of 16,000 psi; and, 
from 0-0030 to 0:0040 per cent per hour at 1,900° F 
and 10,000 psi stress. ‘The maximum stress at rupture 
for four NBS ceramic bodies at various temperatures is 
given in the accompanying table. 


STRESS-TEMPERATURE DATA ON FOUR HIGH-STRENGTH CERAMIC BODIES, 





Maximum stress 











Temperature NBS ceramic bodies 
No. 358 | No. 353 No. 151 | No. 4811C 
F psi psi | psi | psi 
1,500 13,000 13,000 | 12,000 14,000 
1,700 14,000 13,000 | 13,000 | 14,000 
1,800 17,000 18,000 | 18,000 | 18,000 
1,900 8,000 4,000 | 15,000 | 16,000 
2,100 _ _ j= | 6,000 





Data obtained from the Bureau’s tests have revealed that 
some of the NBS oxide bodies are capable of effectively 
withstanding high-temperature conditions far better 
than any other material now in use. In fact, an ex- 
perimental gas turbine, using blades fabricated from the 
oxide body of the most promising strength and creep 
characteristics, has been operated successfully in the 
Cleveland Laboratory of the NACA. 


GAS TURBINES 


Application of Gas Turbines to Mobile Power 
Stations, and Rail and Ship Propulsion 
By A. A. KaNnaAEv. (From Kotloturbostroyenie, Russia, 
No. 5, 1948, pp. 8-12, 10 illustrations.) 
WITH present-day knowledge, it is possible to build 
open-cycle gas turbines up to a rating of 25 MW, and 
closed-cycle turbines up to 50 to 100 MW. Turbines 
operating on the closed-cycle principle may, therefore, 
be more suitable for installation in large ocean-going 
vessels. As is well-known, a large variety of different 
arrangements is possible, either with the closed or 
open cycles, ranging from the simplest scheme, em- 
bodying only a compressor, turbine and combustion 
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chamber, to elaborate installations with several com- 
bustion chambers, compressors and turbines, and in- 
cluding intercoolers and heat exchangers. The effi- 
ciency of the more complicated scheme is considerably 
higher, but the dimensions of the plant are increased to 
an extent which renders its use for railway propulsion 
impracticable. A further disadvantage arises in the 
need for auxiliaries and cooling water requirements 
for the intercoolers. For rail propulsion, it is advisable, 
therefore, to sacrifice some efficiency to achieve sim- 
plicity and reliability. 

While at present gas turbines can only be run on 
liquid or gaseous fuels, the Polsunov Institute for 
Boiler and Turbine Research has carried out some very 
promising investigations into the use of solid fuels, 
both in a pulverized and natural state. 

For small installations of less than 100 kW, when 
axial compressors cannot be used, diesel compressors 
working as gas generators are very suitable. An 
efficiency of 40 per cent for such an arrangement can 
normally be obtained with temperatures as low as 450 
to 500° C. The disadvaritages of the scheme are the 
inherent shortcomings of the reciprocal diesel engines. 

One of the difficulties in the production of gas 
turbines is the manufacture of compressor blades. 
They require special machinery and consume a large 
number of man-hours; this difficulty has now been 
overcome by a new production method by which the 
blades can be machined on a standard lathe. 

The problem of solid fuels for gas turbine installa- 
tions is receiving constant attention. The main diffi- 
culty is presented by the abrasive action of the ash 
particles. A process of obtaining extremely fine 
pulverization of coal to overcome this is mentioned. 

Characteristic data for gas turbine installations are 
given. For land installations, the space requirements 
are 0-6 to 0-8 m?/kW and more, while for locomotives 
and ships the corresponding figure can be one tenth 
of this value. The weight per kW varies from 80-100 
kg and 30 per cent efficiency for land installations, to 
12-16 kg and 20 per cent efficiency for locomotives and 
ships, and 0-2-0-5 kg for aeroplanes. 

Comparisons are presented for locomotives with 
different power sources, a graphic illustration of com- 
parative sizes of mobile power stations being included 
together with a similar illustration of sizes for ships. 


NON-FERROUS METALS 





Melting and Casting Zirconium Metal 


By W. J. Kroit and H. L. GrtBert. (From Journal of 
the Electrochemical Society, U.S.A., Vol. 96, No. 3, 
September, 1949, pp. 158-169, 5 illustrations.) 


Tus report deals with the methods for melting and 
casting zirconium. It has been shown that owing to 
the high melting point and chemical reactivity of zir- 
conium and titanium, only graphite can be used as 
crucible material for producing large, commercial 
ingots. All refractory oxides either react or cannot be 
used commercially as crucible material. 

Arc furnaces may be employed in vacuum or with 
inert atmosphere to build up ingots in a water-cooled 
copper mould or in graphite sleeves with varying 
amounts of contamination depending on electrode and 
crucible material. 
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Non-Ferrous Metals—Continued. 





High-frequency furnaces can produce large castings 
rather easily when inert atmospheres are employed. 
With certain restrictions, the same work may be done in 
vacuum. Use of graphite crucibles gives some con- 
tamination with carbon. 

Split-tube, graphite-resistor furnaces are particularly 
suited to casting by the bottom-plug method to give 
uniform castings only slightly contaminated with carbon. 
The three-phase furnace shows stirring action of the 
bath. Castings with 0-07-0-11 per cent carbon are 
regularly obtained. 

Experiments indicate that all three types of furnaces 
have distinct advantages and disadvantages. The choice 
as to which one is best depends partially upon the volume 
of gas to be tolerated in the ingot. 

If fully degassed metal is desired, melting in the 
graphite-resistor vacuum furnace and casting give full 
satisfaction, especially with regard to low carbon content 
and freedom from residual hydrogen. High-frequency 
and arc vacuum furnaces for the production of castings 
are much more difficult to build and to operate. 

Melting under a noble gas does not remove all the 
hydrogen contained in the metal, but may be entirely 
suitable for the production of zirconium that will not 
be used in electronics. The graphite-resistor, high 
frequency, and arc furnaces are well adapted for this 
operation. 


PLASTICS AND PLASTIC PRODUCTS 





Plastics and their Application in the Electrical 
Industry 


By J. C. DERSKEN and M. STEL. (From Philips Techni- 
cal Review, Holland, Vol. 11, No. 2, August, 1949, 
pp. 33-41, 12 illustrations.) 


JusT as in many other fields, plastics are extensively 
applied in the electrical industry as constructional 
materials for all kinds of apparatus. Often they are 
used for these purposes on account of their good 
electrical properties, whilst in other cases it is their 
easy mouldability and the good finish that can be given 
to the products which count most. It is very often 
possible to synthesize these materials with the properties 
required for a particular purpose. Of the methods 
employed in the formation of the macro-molecules 
characterizing all plastics, the condensation and poly- 
merization methods are discussed. Use is made not 
only of thermo-setting moulding materials but also, 
and to an increasing extent, of thermoplastic materials. 
The most important materials and their specific pro- 
perties are dealt with briefly. A table gives an idea 
of the great diversity of these properties. In the 
moulding of articles from thermoplastic material, four 
methods are employed: injection, extrusion, pressing 
and blowing. Finally, a number of applications of 
Plastics in the electrotechnical field is discussed. 





Smokeless Coal Heaters 
Concluded from page 392 


again in late spring. At those times during each year 
the heating plant is called upon to deliver heat for a few 
hours in the morning, but more than a very small heat 
output at any other time causes serious discomfort from 
Overheating. These are the conditions under which it 
1s most difficult to achieve satisfactory results from a 
furnace burning solid fuel. If the combustion rate is 
too low during a long period of hold-fire, ignition is lost 
in all parts of the fuel bed, and the fire must be rekindled. 
If the combustion rate during hold-fire operation is too 
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high, overheating will occur in the spaces served by the 
plant. The data shown in graphical form by the solid 
lines indicate that a hand-fired furnace of the type 
tested will respond quickly after firing even when only a 
small amount of coke remains from the previous charge, 
providing that the dampers have been open for an hour 
or more prior to firing so that the coke is well ignited. 
In actual service under thermostatic control, there is 
usually some demand for heat a few hours before the 
hour at which the average householder would find it 
convenient to fire the furnace. Consequently, the coke 
from the previous charge would usually be well ignited 
when the furnace is fired, even in early fall or late spring 
when the weather is so mild that heat loss from the 
house is negligible or indeed negative throughout the 
greater portion of the day. In the unusual event 
that there had been no demand for heat prior to the time 
of firing, the condition of the fuel bed and the results 
obtained would approximate those shown by the graphs 
drawn in broken lines. However, the slow response of 
the fire would not result in discomfort in the house 
because the fact that the thermostat had not demanded 
heat indicates that the house temperature did not 
decrease below the comfort range during the night. 

A study of the data shown in Fig. 5d reveals the 
fact that the draught and per cent CO, stabilised at 0-01 
in. of water and 1-0 per cent respectively, approximately 
6 hr after the dampers were closed, under the conditions 
of operation that were used in these two tests. As- 
suming that all the air entering the furnace passes 
through the l-in. dia bleed hole in the secondary 
and undergrate air damper, the rate at which fuel is 
burned during this condition of operation may be 
calculated, inasmuch as the weight of air entering the 
furnace is determined by the draught measured in the 
air tube and the weight of air passing through the furnace 
per pound of fuel burned may be computed from an 
analysis of the flue gases. A computation of the com- 
bustion rate during the condition of operation which 
prevailed during the latter part of the long hold-fire 
periods indicates that ignition can be maintained for 
several hours in the interior of the fuel bed while the 
fuel is being consumed at a rate which is less than 0-1 
Ib per hr. Extremely low combustion efficiency is not a 
disadvantage during a long hold-fire period at a time ; 
when there is no heat loss from the spaces served by the 
heating plant. The only significant performance item 
is the weight of fuel which must be burned in order to 
maintain ignition in the fuel bed. 

Effective Thermostatic Control of the Smokeless Furnace. 

A week-long temperature record was taken at the 
writer’s home and from this record it was seen that the 
temperature was well maintained at 74° F with only 
short-time deviations of +2° F, although the outdoor 
temperature varied between a high reading of +-40 
and a low reading of —3° F. During the week for which 
the record was made the furnace was fired each morning 
and again each evening. At each firing the grates were 
shaken, the fuel bed was levelled, and the coking 
chamber was filled with fresh fuel, no attention whatso- 
ever being given to the furnace between firings. Imme- 
diately before each firing the thermostat setting was 
advanced several degrees to cause the control system to 
open the dampers and hold them open during the few 
minutes that were required to service the furnace. 
Immediately after the completion of the firing procedure, 
the thermostat setting was on every occasion returned to 
74° F, where it remained at all other times. 

From the temperature record shown and the fre- 
quency of firing that was employed, it is clearly evident 
that the second design of the Illinois Smokeless Furnace 
is very well adapted to thermostatic control and that 
excellent results can be achieved during cold weather 
by properly attending the furnace in the morning and 
again in the evening. Similar results in milder weather 
can be achieved by one firing every 24 hr. 
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NEWS OF THE MONTH 














PERSONAL 


Mr. E. Bruce Ball has been re-elected Chairman and Mr. J. M. 
Storey, vice-chairman of the British Valve Manufacturers’ Asso- 
ciation. 

Mr. A. M. Bryan, J.P., B.Sc., F.R.S.E., H.M. Chief Inspector 
of Mines, has been elected President of the Institution of Mining 
Engineers, Salisbury House, Finsbury Circus, London, E.C.2. 

Dr. C. H. Desch, F.R.S. has been installed as President of the 
Newcomen Society. 

Mr. G. H. Fletcher, M.1LE.E., has been appointed general 
manager of the Metropolitan-Vickers Electrical Co. Ltd., Attercliffe 
Common Works, Sheffield. Mr. H. Newsam, B.Sc. (Eng.), 
A.M.LE.E., has been appointed chief engineer, traction-motor 
department, Mr. R. P. Knight, A.M.LE.E., assistant manager, and 
Mr. H. Taylor, superintendent of the Sheffield works. 

Mr. Gavin Hamilton, F.R.LC., A.R.T.C., has relinquished 
his executive duties as general manager of the BTH Lamp & Glass 
Works, but will continue to be available for consultation. Mr. T. J. 
Dagley has been appointed general manager of the glass factories 
and also of glass and lamp-component sales; Mr. S. R. Eade, 
M.LE.E. has been appointed manager of the BTH lamp factories. 

Mr. C. H. Hill, M.I.Mech.E., formerly chief mechanical 
engineer of the Sudan Railways, has been appointed consultant 
and director of Dolphin Industrial Developments Ltd., Twyford 
Manor, Buckingham. 

Dr. F. C. Johansen, M.I.Mech.E., F.R.Ae.S., has been 
appointed director of research of the W. and T. Avery Ltd. group of 
companies. He has also been elected a member of the board of 
Avery Research Administration Ltd., Soho Foundry, Smethwick, 
Birmingham. 

Sir Philip Johnson has been elected Chairman and Mr. T. A. 
Crowe, vice-chairman of the National Association of Marine 
Engine builders. 

Mr. E. J. Mathieson, M.1.E.E. of Chasetown, near Walsall, 
Staffordshire, has been appointed electrical engineer of the Govern- 
ment Electricity Undertakings in Nigeria, West Africa. 

Mr. R. T. Outen has been appointed deputy chairman and Mr. 
Geoffrey W. Hall has been elected a director in charge of the 
research and armament development division of the Fairey Aviation 
Co. Ltd. Sir Richard Fairey continues as chairman and managing 
director of the Company. 

Dr. I. G. Slater, formerly director of operational research at the 
Admiralty, has been appointed director of research and development 
of the Aluminium division of Tube Investments Ltd. 

Mr. David Walker, M.LE.E., joint managing director of 
Evershed and Vignoles Ltd., has been elected vice-president of the 
British Engineers’ Association. 

_ Mr. S. E. Walmsley, M.I.Mech.E., has joined the firm of 
Hitchins, Jervis and Partners, chartered consulting engineers, of 40 
Broadway, London, S.W.1., as a partner. 


BUSINESS NOTES 


Hordern, Mason & Edwards Ltd., of Pype Hayes, Birming- 
ham 24, are opening this month a London Office at 4 Vernon Place, 
Southampton Row, Tel. Hotborn 1324. Mr. A. Powell- 
Tuck who has been London Representative of the company will be 
in charge of the London Office ; he will be assisted by Mr. B. H. 
Chase from the firm’s Head Office. 

_The British Thomson-Houston Co. Ltd. Birmingham 
District Office has moved into more commodious premises. The 
new address is Geoffrey Buildings, John Bright Street, Birmingham 
1. Tel. Midland 6335. 

F. J. Edwards Ltd., 359-361 Euston Road, London, N.W.1., 
have appointed the Rockley Machinery Co., 28 Market Street, 
Sydney, as their representatives in Australia for sheet metal working 
machinery, presses and tin box making machines. 

H. W. Kearns & Co. Ltd. have appointed Mr. Gunnar Bonth- 
non, of Maskinfirma Sigurd Ericsson, Regeringsgatan 74, Stockholm, 
their sole representative for Sweden. 

A. C. Wickman Ltd., Tile Hill, Coventry, will act as sole 
selling agents in Gt. Britain and some foreign markets for the sale 
of “ Fastraverse’ presses, injection moulding machines and die 
casting machines of the Hydraulic Press perce: race one Co., Mount 
Gilead, Ohio, to be manufactured in England by John Shaw & Sons 
(Salford) Ltd. 

_. Manufacturers’, Bankers’ and Exporters’ Manual. Pub- 
ane : Littlebury & Co. Ltd., The Worcester Press, Worcester. 
pp. 

The 1949 edition of this book contains an alphabetical list of 
manufacturers and exporters of British goods. 2,300 manufacturers 
and 1200 exporters are listed with useful data on the types of pro- 
ducts they export. A list of British Advertising Agents and in- 
formation on Shipping and Air Travel has been added to this 
latest edition of the book to which the President of the Board of 
Trade has written the Foreword. 

Industrial Australia. Publishers: The Union Bank of 
Australia Ltd., 71 Cornhill, London, E.C.3. 78 pp. with three 
maps. 
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TECHNICAL CORRESPONDENTS’ TOUR OF INDUS- 
TRIES IN THE SOUTHERN REGION 3ist OCTOBER— 
2nd NOVEMBER, 1949. 


The Ministry of Supply arranged this tour to give technical 
correspondents an opportunity to see for themselves the progress 
that has been made by industry in recent years. It was also intended 
to provide them with information regarding the efforts made to 
increase production and step up our sales in dollar-earning markets. 

The tour started with a visit to Airspeed Ltd. in Portsmouth, who 
are mainly engaged in the development of the Ambassador twin- 
engined airliner. This has been designed expressly for economical 
and efficient operation on the medium-stage airlines of the world. 
While the Portsmouth factory is a fabrication centre where much of 
the detail work is done, fuselage and final assembly, power plant and 
general development, and finishing work are carried out at the 
Christchurch factory. Correspondents also had an opportunity to 
see the well-known Mosquito aircraft under construction. 

The next firm on the itinerary was J. Evans and Sons (Ports- 
mouth) Ltd., who are engaged in the manufacture of high-precision 
machine tools, although their main work is the construction of 
brushmaking machinery. This development has only been in 
operation since the War, their first machine being based on German 
designs. Not satisfied, however, with merely copying existing 
designs, they have since made considerable improvements and are 
now engaged in the development of new machines which should 
further improve output and efficiency. They are striving hard to 
find an opening in the American market and the management of the 
factory is to be congratulated on its enterprise and drive. 

A visit to Pirelli General Cable Works, in Eastleigh, afforded an 
opportunity of following the manufacture of cables from the copper 
mill to the finished product. Correspondents were particularly 
interested to see the Pirelli continuous lead extrusion machine, which 
is claimed to be far superior to stroke-type presses. Orders for this 
machine have been received from all over the world. 

The firm of Wellworthy Piston Rings Ltd. started in a very small 
way by making shells during the first World War, their tools and 
machinery being used later in the production of piston rings. Since 
then, the business has grown to such an extent that several factories 
are now producing 250,000 piston rings per week for aircraft, 
commercial vehicles, motors, etc., as well as pistons, valve seats, and 
liners; they also make their own castings. They are exclusive 
licensees in the United Kingdom for the “* Al-Fin ” process, which is 
used for the chemical bonding of aluminium to steel and cast iron— 








This 32pp. brochure contains just the information 
the engineer requires about the Brailey Process for 
reclaiming worn or undersized parts or for resist- 
ing wear and corrosion—preparation before de- 
position, machining of deposits, type of deposition 
required forjspecific applications—write for it today. 
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applied to cylinder barrels, pistons, brake-drums, etc.—allowing a 
saving in weight whilst increasing thermal conductivity. 

Thornycroft, of Basingstoke, the well-known makers of trans- 

ort equipment, was the next firm to be visited. The Basingstoke 
factory is solely concerned with the manufacture of heavy motor 
vehicles, a large proportion of its output being for export, mainly to 
the Commonwealth countries. It is greatly to be regretted that time 
did not allow of making a fuller inspection of the many interesting 
features of this factory. 

Finally, the works of Coopers Mechanical Joints Ltd. were 
inspected. They produce all types of gaskets, the machinery 
employed being of modern design. An impression of great effi- 
ciency was obtained. An interesting feature is that the management 
has instituted a “‘ Tidiness Campaign ”’ for both factory and execu- 
tive offices and claims that efficiency and production have increased 
asaresult. Tidiness and the adoption of a colour scheme have done 
much to reduce careless work and accidents. 

After the tour, correspondents were invited to a cocktail party 
attended by the Minister of Supply, the Rt. Hon. G. R. Strauss, 
P.C., M.P., which afforded an opportunity for discussion and 
questions. 

It is difficult to form an exact opinion from the technical view- 
point after seeing so many works in such a limited time, but one 
outstanding feature which should be very encouraging, was that, with 
very few exceptions, all employees were hard at work, and the im- 
pression was gained of a real effort being made to step-up production. 
If the firms visited can be regarded as a true cross-section of industry 
in the Southern Region, then productivity is about to rise. As 
regards equipment, however, much remains to be done, as the average 
age of machine tools is still far too high, and in many cases it is only 
due to the skill of the workmen that good products can be produced 
with the inadequate mechanical means at their disposal. Whilst it is 
realised that World War II is largely to blame for obsolescence in 
workshops, we cannot but feel that the effort to re-equip industry 
with machine tools has not been adequate, especially since this 
country is now obliged to compete with American methods of 
production. 

The Ministry of Supply is to be congratulated on this excellently 
organised tour and it is ncn that further tours will be arranged in 
other areas. 


GAS TURBINES for POWER GENERATION in WARSHIPS 


The advent of the gas-turbine as a practical prime-mover, with 
its potential advantages of low maintenance, compactness and light 
weight, in addition to those of self-contained operation and quick 
starting already associated with diesel-driven generators, has led 
the Admiralty to consider the possibility of developing a gas-turbo- 
generator suitable for H.M. Ships. 

The fuel consumption of gas-turbines in their present stage of 
development, especially when designed for long operating life, is 
high compared with the diesel although comparable with ship’s 
steam turbo generators, and egg experience is necessary to 
determine the extent to which high fuel consumption is outweighed 
by the advantage mentioned above. 

The Admiralty have, therefore, placed a contract with W. H. 
Allen, Sons & Co. Ltd., of Bedford for a 1,000 kW Gas Turbine and 
Generator for base- load operation. The set is being designed in 
collaboration with the Bristol Aeroplane Company. 

This set consists of an axial compressor of 4/1 pressure ratio, 
delivering to an annular type heat exchanger, a compressor-turbine 
and a free power turbine. The free power turbine, while it compli- 
cates the governing problem, gives a necessary improvement in 
part-load performance. The generator is driven through an epi- 
cyclic reduction gear. 

The following performance details are available : 

Maximum continuous rating 1,000 kW. 
10 minute rating 1,200 kW. 
Fuel Diesel oil 
Estimated fuel 
consumption at full load 1:07 lb/kW /hr. 
Maximum Gas Temperature 720° C (tropical conditions) 
Operating life 50,000 hours 
Overhaul periods 5,000 hrs. (Major) 
1,000 hrs. (Minor). 

The set has been designed for operation in both temperate 
and tropical conditions. Allowance has been made for very high 
inlet and exhaust losses associated with long trunking in shipboard 
operation. 

The design and construction of this Allen Gas Turbine-driven 
generator is well advanced and it is expected that development 
running of the prototype engine will begin early in 1951 on com- 
pletion of preliminary tests during the autumn of 1950. 


“ DESIGNING MACHINERY FOR ARC WELDING.” 

Lincoln Electric Co. Ltd., Welwyn Garden City, have now 
released the new colour film ‘ “Designing Machinery for Arc Weld- 
ing.” The film runs for 15 minutes and is supplied on 16 mm 
sound-colour prints. 

This film shows, with the help of colour animation, how to 
use the right amount of the right material in the right place ; how 
cast iron can be replaced by rolled mild steel—three times stronger, 
twice as rigid and much cheaper ; how mild steel, arc welded, can 
assume forms into which no amount of ingenuity could torture cast 
iron or steel. 

This new freedom enables the manufacturer to constantly 
improve his design for best possible competetive advantages. 

The film compares various materials and it presents a study of 
load factors, stresses, rigidity, performance and appearance. It 
explains how welded design can be used to speed up fabrication, 
reduce weight and obtain greater strength and rigidity from less 
material. 

Technical Institutions, Engineering Firms, and any other con- 
cerns interested in the process are invited to apply for the loan of 
this film free of cost, for showing to their staffs. 
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EXECUTIVES, technical training officers, and 
works librarians who are constantly seeking 
the newest technical publications will find 
a quick and competent service at any branch 
of W. H. Smith & Son. 

Each is in daily contact with Head Office in 
London and your orders, either for single 
copies or complete works libraries will be 
fulfilled within the shortest possible time. 


1500 BOOKSHOPS AND BOOKSTALLS 
THROUGHOUT THE COUNTRY 








ENGLISH STEEL CORPORATION LTD. 


The English Steel Corporation Ltd. has arranged 2 press tour 
to afford facilities for inspecting recent extensions to their Small 
Tools factory at Openshaw, Manchester. 62,000 sq. ft. of floor 
space has been allocated for the manufacture of Twist Drills and a 
Finished Tool Stockroom, and an entirely new type of layout has 
been completed and is in full operation. 

Standard and special length taper shank and straight shank h;gh 
speed steel drills, 3 and 4 flute core drills, centre drills and jig boring 
drills of finest quality, can be produced in the new section at an 
overall average rate of approximately 1,500 per hour. 

The plant consists of machine tools of the most modern design ; 
automatic and semi-automatic machines are employed where 
practicable. Modern equipment in use includes a bank of the very 
latest type of Cincinnati Flute Milling Machines, each capable of 
milling three drill flutes at one setting on an automatic cycle, mach- 
ines for tang milling embodying the use of a constantly rotating 
table, magazine fed grooving machines, semi-automatic straight 
shank heat treating machines and a modern Eddy Current Set for 
brazing small size drills into morse taper shanks. 

The new extension impresses by its spaciousness and its air of 
cleanliness and tidiness, and the workpeople are obviously proud of 
their shop and the work they do. 


CORROSION OF IRON AND STEEL BY INDUSTRIAL 
WATERS AND ITS PREVENTION 
Special Report No. 41 of The Iron & Steel Institute. 
24 illustrations.) 
THE subject of corrosion is so complex that the average engineer 
is inclined to put his trust in ‘‘ hit or miss ’”? methods rather than in 
an analysis of possible causes and methods of prevention. The 
present brochure issued by the Industrial Waters (Corrosion) 
Sub-committee is based on a thorough review of existing data on 
the subject and surveys, in a general manner, existing knowledge 
of the corrosion of iron and steel by industrial waters and of the 
preventive measures which might be employed. The booklet is, 
at the same time, short, clearly arranged, and comprehensive, and 
can be recommended, as a survey of the subject or as an introduction 
to more thorough investigation or as a “ first-aid ”” book for immedi- 
ate analysis and preventive measures. A list of reference books 
and of many important papers published since 1927 adds to its 
great value. 


ATLAS OF ISOTHERMAL TRANSFORMATION 

DIAGRAMS OF BS. 970 EN STEELS 

Special Report No. 40 of The Iron & Steel Institute. 
introductory text, 11 illustrations, 24 diagrams.) 

THE advantages of isothermal heat treatment of steels, e.g., the 

reduction of annealing time or the avoidance of heat cracks on rapid 

cooling, are well known. However, a wider application of these 
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methods has been hampered by insufficient knowledge and want of 
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DRAWINGS! 


Here it is at last! The method for pro- 
ducing quickly every type of technical 
illustration by drawing on paper super- 
imposed over an Ozalid Magic Carpet 
Drawing Guide. Now, even anyone 

with elementary technical knowledge can 
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VIEWS. A boon and inspiration to all 
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Sold in a set of five. Size No. I, 30” x 20”, 
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Illustrated leaflet post free. 
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readily accessible presentation of data as to the behaviour of the 
most widely used constructional steels. The present atlas gives 
diagrams of 24 representative commonly used steels with a con- 
densed explanatory foreword, and thus fills a gap which, for some 
time now, has been very obvious. It should enable not only the 
metallurgist but also the mechanical engineer and designer to use 
these new methods with some confidence. Although the exact 
behaviour during isothermal transformations of a steel at hand 
depends on many, not readily assessable, contributing factors, the 
atlas provides a basis for appreciating the behaviour of steels when 
annealed or quenched in sections which do not harden completely, 


British-Made Thermocouple Alloys. After research within 
their own organisation and in industry, the British Driver-Harris 
Company have now succeeded in producing two new thermocouple 
alloys for high temperature measurement. These products, T1 
(nickel-chromium) and T2 (nickel-aluminium), are similar to those, 
widely used in industry for many years, of materials imported prin- 
pan from dollar sources. The British Driver-Harris T1 and T2 
alloys, however, are manufactured throughout at the Company’s 
factories at Manchester and Cheadle Heath. There has been no 
increase in the price of these two alloys due to the recent devaluation 
of sterling. 

We understand that these new British-made alloys will operate at 
the same temperatures as those usually covered by similar imported 
materials, the thermal E.M.F. values following the same general 
curve. 


The Nickel Bulletin. The October issue is devoted entirely 
to abstracts from recently published material. 
, Pine variety of subject matter is seen in the brief selection given 
elow :— 
Induction Brazing of Nickel Alloy Permanent Magnets 
Spot Tests for Nickel Alloy Steels 
Nickel-containing Materials vs. Sterilizing Solutions 
Iron in Cupro-nickel Condenser Tube Alloys. 
Copies of The Nickel Bulletin may be obtained free of charge 
on application to The Mond Nickel Company, Ltd., Sunderland 
House, Curzon Street, London, W.1. 





Classified Advertisements. 


The Rate for all classified advertisements is 6d. per word ; in bold 
print 9d. per word ; minimum order 6s. Box number advertisements 
ls. extra. Instructions together with remittance must be received not 
later than the 3rd of each month for advertisements to appear in the 
same month’s issue. 





METROPOLITAN WATER BOARD. 
APPOINTMENT OF CIVIL ENGINEERING ASSISTANTS. 


Applications are invited for the fcllowing PERMANENT 
STAFF vacancies :— 
(1) ASSISTANT ENGINEERS—Salary scale £535 rising to £690 p.a. 
(2) ENGINEERING ASSISTANTS—Salary scale £395 rising to £510 p.a. 
A cost-of-living bonus, now £80 per annum, is payable in addition 
to the above. Commencing salaries according to age, qualifications 
and experience. The age limits for (1) above are 30-45 years. 
Candidates for appointment must be corporate members of 
the Institution of Civil Engineers, have had a good practical 
training, and experience in the design and/or construction of 
civil engineering works. Waterworks experience desirable but not 
essential. 
Houses available in good neighbourhood, inclusive rent £125 per 
annum. 
These appointments are excepted from the provisions of the 
Control of Engagement Order, 1947. ) 
Particulars and application form on receipt of stamped addressed 
foolscap envelope quoting reference (C). 
C. W. STOKER, Clerk of the Board. 
Offices of the Board, New a Rosebery Avenue, London, 
-C.1. 


WORK WANTED 


URGENT PRIORITY CASTINGS.—Well-equipped, — old- 
established Foundry has small part of its capacity immediately 
available for British engineering firms making for export or other 
high priorities. Precision aluminium gravity die castings; zinc 
pressure die castings.—Write or *phone Thos. Ashworth & Co., 
Ltd. (Dept. A/15/11), Vulcan Works, Burnley, Lancs. (Burnley 
3505). 


MACHINERY, ETC., FOR SALE 


FOR SALE about 2 tons }” dia. CROTORITE Brazing Rods 
in original B.O.C. Boxes. Spec. GB/7210 ‘ALDA’ (90 Cu/10 Al). 
Box No.—P.M.1. 


GALVANISED WIRE, 1i swg to 23 swg. WELDLESS STEEL 
TUBING, SILVER STEEL ROD. Space required at once. 
Please write for lists—Compofiex Ltd., Diggle, Near Oldham, 
Lancs. 


NISSEN TYPE HUTS, ex-Government stock, reconditioned 
and supplied ready for erection. All sizes in 6 ft. multiples. 36 ft. 
by 16 ft., £65 & £543 24 ft. by 16 ft., £46 & £38 ; 72 ft. by 16 ft., 
£122 & £97; delivered U.K. Plasterboard huts and other build- 
ings. Some 24 ft. span Nissens.—Write, call or telephone, Univer- 
sal Supplies (Belvedere) Ltd., Dept. 50, Crabtree Manorway, 
Belvedere, Kent. Telephone No. Erity 2948. 
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LATEST INDUSTRIAL LITERATURE 





1. Rust Proofing and Paint Bonding. Folder containing a 
variety of brochures and other literature on metal treatment processes. 
In addition to literature on the treatment of iron and steel surfaces, 
zinc-plated or galvanized articles and zinc-base die-castings, a 
special brochure deals with a process specially developed for the 
treatment of aluminium and aluminium alloys. 


2. Precision built Instrument Cases. 16-page brochure of 
excellent design and well illustrated describes a very wide range of 
standard cases, open and enclosed racks, handles and chassis and 
chassis brackets. It also offers design facilities the value of which can 
be assessed from the excellent illustrations of the booklet. 


3. Portable Direct Reading Hardness Tester. Leaflet giving 
particulars of a portable hardness tester of unusual design. Direct 
reading is possible without any reference to conversion scales and 
calculations. The instrument is designed to test flat or curved 
surfaces ; accurate readings are obtainable on sheet metal as thin as 
0-020” and round bars above 3/1¢-in. diameter. 


4. Twist Drills. 36-page booklet, excellently edited and pro- 
duced, provides much useful information on the correct application 
of twist drills. Specifications of a wide range of twist drills, core 
drills, centre drills, drill sockets, extension sockets and blank end 
sockets are included. A special section deals with quick change 
drill chucks. 


5. Electronic Oxygen Cutting Machine. [Illustrated 8-page 
brochure describing the recently developed electronically controlled 
tracer drive for use in combination with longitudinal profiling 
machines fitted with patented cylinder control. Greatest accuracy 
can be achieved in producing profiled shapes in steel of practically 
any thickness. 


6. Proximity Detector. Folder describing and illustrating a 
novel electronic instrument applicable to hundreds of research and 
industrial control problems. Applications include Temperature 
control or Alarm in laboratories and industrial premises; Relay 
switch or Alarm on indicating instruments such as ammeters and 
pressure gauges ; Guard system for machine tools ; Burglar or Fire 
alarm ; Counter of any passing objects, large or small, on conveyor 
belts, delivery chutes, etc. ; Liquid level alarm or control system. 


7. Aluminium Wiring Conduits. 12-page brochure just issued 
to provide full and detailed guidance on the use of aluminium for 
electric wiring conduits. The brochure points out the various 
advantages which aluminium conduit tubing offers, and it deals with 
the correct technique which has to be adopted in installation to suit 
the distinctive features of the metal. 


8. Electric Tools and Production Equipment. A collection 
of illustrated folders and brochures with much useful information 
of a general nature and =“ rehensive data and specifications of 
flexible shaft machines. eals with single speed and multiple 
speed flexible shaft kia of both portable and overhead types ; 
bench tool grinders ; polishing machines ; twist drill grinding 
machines; and a great variety of accessories for flexible shaft 
machines and grinders. 


9. Midget Grinders and Midget Electric Drills. Illustrated 
folder describing a high speed grinder originally designed for delicate 
work. Sharpening drills, grinding tools and many finishing 
processes are simplified by this handy little machine. The folder 
includes specifications of the Midget electric drill, a useful machine 
for drilling very small holes and avoiding drill breakages. Attach- 
ments are also described and illustrated. 


10. Electrical and Auto-Electrical Equipment and Acces- 
sories. Profoundly illustrated 20-page brochure with brief de- 
scriptions of a wide range of equipment ny ae 9 of very 
broad interest. These include latest model A.C. and C. 
welding machines ; Soldering irons and Soldering tongs; H.F. 
spark testers ; Precision engravers ; Armature testers ; Compres- 
sion gauges; Re-magnetisers ; Auto-electrical test sets ; a new 
electronic tachometer; Compression and Vacu-meter gauges ; 
Combustion analysers; an Auto-electrical test bench; Ignition 
coils, etc. 


11. Industrial Noise Measuring Instrument, Leaflet de- 
scribing an apparatus designed for the investigation into noise 
sources and for the production testing of appliances where limitation 
of noise is an important factor. 


12. Insulation Tester. Illustrated brochure describing a 
recently developed Insulation Tester having a constant pressure 
testing voltage to meet the increasing electro-static capacity of 
present day installations. Full specifications are included. 


13. Nickel Properties and Applications. Neatly produced 
18-page folder on the properties and applications of wrought nickel 
and of several special compositions. Should be of considerable 
interest to designers and other users of nickel. 


14. Spring Maker. Leaflet describing a small spring making 
machine of latest design for making extension, compression or 
torsion springs. The leaflet is illustrated and it contains concise 
instructions on the use of the little practical machine. 


15. Electric Control of Material Handling Plant. The 
Success of many large scale material handling systems is dependent 
on the layout not only of the plant but of the scheme of electric 
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control. This should be designed to save time in normal operation 
and in adjustments to the flow of material as well as in maintenance 
of the whole plant. This exceptionally well designed and excellently 
reproduced 32-page publication deals with the electric control of 
material handling p!ant. It includes much useful information about 
electrical sequence interlocking, centralised control and motor 
control equipment. It also contains illustrations of typical motor 
control boards with some examples of the recently developed mimic 
flow diagrams ir. full colour. 


16. Sieving and Grading Machines. Well illustrated 16-page 
brochure dealing with all the usual applications of screening 
machinery, i.e., sieving, straining, sorting and grading.  Illus- 
trations and descriptions include constructional details of the 
machines. 


17. Electronic Temperature Controllers. Illustrated leaflet 
announcing electronic control instruments for accurate control of 
all types of furnaces. The electronic system utilised in the instru- 
ments is described in detail and it is also illustrated diagrammatically. 


18. Safeguard for Gas or Oil Fired Apparatus. 4-page 
folder just issued deals with an electronic device designed to safe- 
guard gas or oil fired apparatus and prevent explosions when 
explosive conditions exist in the combustion chamber or furnace. 
Application sheets and diagrams attached to the folder will enable 
the reader to obtain full information on the apparatus. 


19. Technical Information Catalogue on “ Tufnol.” This 
74-page catalogue consists entirely of technical data which can be of 
much assistance to design engineers and other technical men in 
considering the suitability of “‘ Tufnol ” for various forms of service. 
“ Tufnol,”” manufactured by heating and compressing layers of 
resin-impregnated paper or fabric, has been used for aircraft and 
motor car components ; bearings for fine instruments and for heavy 
steel rolling mills; gear wheels; machinery parts; radio and 
electrical accessories and a variety of other engineering products. 
This excellent catalogue includes tests and specifications complied 
with by “ Tufnol ”’ sheets, tubes and rods of various brands. 


20. Powder Metallurgy Production. Illustrated 16-page 
brochure containing concise di iption of the powder metallurgy 
process for the production of €ngineering components. Specifi- 


cations of Sintered High Duty Bronze ; Low Duty Sintered Bronze ; 
18 ton Sintered Alloy Iron ; 14 ton Sintered Mild Steel; Sintered 
Nickel Steel and High Permeability Sintered Steel are also included. 


21. Low Current Tubular Rectifiers and Single Phase 
Medium Current Rectifiers. Two well edited and neatly 
produced catalogues, 24 and 54 pages respectively, to provide 
electronic and telecommunication engineers with much information, 
including technical details, on Low Current Tubular Rectifiers and 
on Single-Phase Rectifier Stacks. 


22. D C 200 Silicone Fluids. 32-page booklet describing the 
liquid methyl silicones of the DC 200 range. Applications include 
the use of silicone fluids as Damping Media; Instrument Fluids ; 
Hydraulic Fluids; Liquid Dielectrics; Lubricants; Release 
Agents ; Coatings and Impregnants ; Water-Repellent Treatment 
and a variety of other uses. The booklet offers comprehensive 
technical data on this basically new material which enables engineers 
and scientists to improve designs and performance. 


23. Compressors and Pumps for Industrial and Marine 
Duties. Nicely illustrated 8-page brochure with brief descriptions 
and specifications of Starting Air Compressors for Marine and Land 
Diesel Installations ; Industrial Compressors for pressures up to 
5,000 psi; Rotary Compressors and Vacuum Pumps; _ Rotary 
Displacement Pumps and Centrifugal Pumps for Marine and 
Industrial Applications. 


24. ANew4 hp Air Cooled Diesel. Hooves 4-page brochure 
describing the salient features of a new 4 hp Air Cooled Diesel 
engine of cold starting type with totally enclosed overhead valve 
gear. Technical data and complete specifications are included. 
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CHUTES, HOPPERS, 
TANKS, CONTAINERS, 
& WORKPANS 


We can give you an excellent 
service for the production of 
every form of fabricated and 
welded work. Remember we 
always have capacity for 


PROFILE CUTTING - PRESSWORK 
AND SPOT-WELDING 





ARKINSTALL BROTHERS Thine 


COVENTRY ST, BIRMINGHAM, 3. 


THE TWIST DRILL SPECIALISTS 
offer an equally speedy and satisfac- 
tory service in small tools including 
Milling Cutters, Reamers, ‘Taps and 
Dies, Socket Screws, etc. Stock Lists 
on request. 
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FREE TURBINES 


from the dangers of 
sludge, rust and foam 


To keep Turbine lubricating systems clean, 

bearing temperatures normal and governing 

action smooth and sensitive, you can rely on 

Caltex Regal Oils (R & O) because special 

manufacturing processes— 

* remove harmful materials that would become 
deposited in service. 


* strengthen the rust-inhibitive properties of 



















the oil. 
* provide an inhibitor to resist oxidation of Greater turbine efficiency and economy in 
the oil, so reducing formation of sludge. operation—let Regent help you to achieve 
* assure rapid freedom from air and water, them all. Call for a Regent Lubrication 
thus checking foaming tendencies. Engineer for suggestions. 


REGAL OILS (R & O) 


__-— are part of Regent’s reliable service to engineering 

} | OTHER PRODUCTS ARE: PETROL VAPORISING OIL, ENGINE AND GEAR OILS, 

lus CHASSIS LUBRICANTS, GREASES AND RUST - PROOFING COMPOUNDS. 
vate, REGENT OIL COMPANY LTD., 117 PARK STREET, LONDON, W.1 





Can you afford to go on using “specials” to 
your own designs when mass produced 
standards like these are available ex stock at 
lower prices ? 

350 stock sizes: steel backed, lead bronze lined. 


THE GLACIER METAL CO. LTD., 
ALPERTON, MIDDLESEX, ENGLAND. Telephone: PERivale 4271. Telegrams: BEAUCOUP, PHONE, LONDON, 





TAYLOR INDUSTRIAL 


CLUTCHES, 
Trows Upper Works, CASTLETON, Rochdale 


e 5830 Castleton. Rochdale 











SAFETY 
| 


Personnel Protection Against 


ELECTRIC SHOCK 
The Butcher 


Scheme minimises this 


Earth Protectio 





DANGER 

Send for leaflet number 370! 
ELECTRO-METHODS' LTD 
220, THE VALE, LONDON, N.W.II 


Telephone: GLADstone 6611-2. 











BOTTLENECK? 


WE can offer the following capacity :— 
@ AUTOMATIC UP TO 2’ 


@ CAPSTAN — 23’ dia. BAR 
9” CHUCK 


CENTRE LATHE — DRILLING 


@ MILLING — HORIZONTAL & 
VERTICAL 


Accurate work and quick delivery at 
competitive prices 


Your enquiries invited 


HARPURHEY PRECISION ENGINEERS 


LIMITED. 
EMPIRE WORKS, 
FACTORY LANE, 
MANCHESTER 9. 
Telephone: COLLYHURST 2042. 
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MeTALS deform by slip of atomic planes within 
the single-crystal grains, and this slip process is 
not instantaneous but requires a certain amount 
of time, though this is very small. In some 
dynamic applications, we may approach this time 
limit, and an investigation of the influence of 
different variables by impact testing may become 
imperative. For a given material, these variables 
can be grouped under the general headings of 
stress concentration, speed of testing, and test 
temperature. The authors of our abstract* on 
page 412 introduce the notion of stress concen- 
tration ratios (ratios of the three principal stresses) 
and show that the influence of stress concentra- 
tions can only be found from 
impact tests on specimens of 
different width, but, otherwise, 
of identical shape. Test results 
then show a complete qualitative 
analogy of the three interde- 
pendent variables, and _ the 
authors are able to draw the very 
important conclusion that a 
material can be regarded as safe 
against brittle fracture as long as a small increase 
in only one of the three variables leads to an in- 
crease in specific impact rupturing energy. There 
obviously remains the considerable difficulty of 
estimating the severity of stress concentrations in 
any given practical case, but at least the service 
temperatures and speeds of impacting forces can 
be foreseen to a certain extent, and materials 
chosen correspondingly, so that maximum safety 
against the stress concentration effect is obtained. 
A general consideration of the influence of stress 
concentrations finally leads the authors to a new 
interpretation of the well-known phenomenon of 
“necking ” during tensile tests. 
* x x 


When the second World War began, the appli- 
cation of electronics to industry was already ten 
years old. Since then, the staggering demands 
made on industry have forced manufacturers to 
operate with little or no margin of spare capacity 
and to expand their plant facilities as rapidly as 
materials became available. 

Electronic control is one of several important 
tools for the steel engineer to use in boosting 
output and reducing cost. It is nothing more 
than a tool. In itself, it is not the push-button 








*The first instalment of this article was published in our October 
issue, pp. 350-354. 
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plant of tomorrow nor the cure for production 
men’s occupational diseases. On the other hand, 
it is nothing less than a tool. Its worth to in- 
dustry has been proved over and over again, and 
today electronics has a definite part to play in 
effecting very appreciable savings in material and 
labour and in improving the quality of the 
product into the bargain. 

The advice of nine or ten years ago still holds 
good today. Electronics is applicable to industry 
to fulfil either or both of two requirements. Just 
as there should be no hesitation about utilizing it 
to the full for either of these, there should also 
be no consideration of its use whenever it fails 
to meet these requirements. It should be used 
where it operates in a manner which is not possible 
with other available equipment 
and where its superior response, 
speed and sensitivity as com- 
pared with more traditional 
equipment are required; or 
alternatively, it should be used 
where its cost and complexity 
for an equal job are less. 

The finest piece of industrial 
electronic equipment in the 
world is useless if it is not properly applied. The 
engineer applying it cannot know too many details 
about the associated gear and the requirements of 
the overall process. There is no advantage in 
using an induction flow brightener equipment on 
an electrolytic tinning line in order that the line 
may be speeded up, if the remainder of the 
installed equipment is already working at its maxi- 
mum speed and capacity. Proper application and 
co-ordination of electronic control, see our article 
on page 417, automatically means increased ton- 
nage, better quality or reduced costs, or a 
combination of these. 

* * 

The position in Sweden regarding hydro- 
electric power is characterized by long trans- 
mission lines owing to the northerly situation of the 
major water resources, while consumer centres 
are located mainly in Central and South Sweden. 
As more power becomes available with the com- 
pletion of projected power schemes, some in the 
near future, the existing 220-kV transmission 
system will no longer be adequate and must, 
therefore, be supplemented by 380-kV lines of 
considerably greater power capacity. The article 
on page 419 deals with the 380-kV system in 
its initial stage of development with special refer- 
ence to the problems arising from the high 
system voltage. 
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Influence of Stress Concentration, Speed of Deformation, 
and Temperature on the Rupturing Strength of Steels. 


By A. GUEUSSIER and R. Castro. From Revue de Meétallurgie, Vol. 46, No. 8, August, 1949, pp. 517-536, 
22 illustrations.) 


(Continued from October issue.) 


III. THE LAWS OF PLASTIC DEFORMATION, 


A MATERIAL stressed beyond the elastic limit may either 
deform plastically by slip or break without deformation 
by cohesion failure [4]. Under otherwise constant test 
conditions, an increase in any one of the three embrittle- 
ment “ factors ” (test speed, reciprocal of the absolute 
test temperature, triaxial stress ratios) increases the 
resistance of a material against elastic deformation and, 
for a given amount of deformation, also the resistance 
against plastic deformation [6, 7, 8]. The resistance 
against slip is thus increased as compared with the 
resistance against cohesion failure. The tests described 
in this paper show that the specific energy of deforma- 
tion, when measured under comparable conditions, 
first increases and then decreases more or less rapidly 
with any further increase in any one of the embrittle- 
ment factors; in other words, the resistance against 
slip increases until brittle fracture by cohesion failure 
becomes prevalent. The transition interval from 
ductile to brittle failure occurs when the embrittlement 
factors reach certain critical combined values charac- 
teristic of each material, and is indicated by the drop in 
resilience values. If either the triaxial ratio or the test 
speed is increased, the drop in resilience values wili 
occur at higher temperatures [9]. If the temperature 
or the speed is increased, the drop will occur at higher 
values of the triaxial stress ratios. The close analogy of 
the effect of the three embrittlement factors is thus 
apparent and the following general rules can be formu- 
lated :— 

In impact tests under given conditions, the specific 
work done in fracturing a specimen of a cubic metal can 
be measured as a function of the triaxial stress ratios, 
the test speed, and the test temperature. Let F, G, H 
be the three test variables, then 
(a) if G and H be constant, the specific work done in 

fracturing the specimen increases with increasing 
value of F, passes through a maximum, and then 
drops more or less suddenly as the transition 
interval from ductile to brittle fracture is reached 
(Curve G,, Fig. 10), 

(b) if H only be constant, the maximum and the 
transition zone are displaced towards lower values 
of F as G increases. The envelope E of the 
series of curves taken with various constant values 
of G has itself a maximum which represents the 
maximum specific work obtainable for a given 
value H = H, (Fig. 10), 

(c) as H is also varied, a series of envelopes E is 
obtained and the absolute maximum of all E-curves 
represents the maximum possible specific rupturing 
energy of the tested material under any conditions. 
The factors F, G, H for which this absolute 
maximum is reached can be considered as intrinsic 
qualities of the tested material. 

The transition zone is a danger zone to be avoided 
because a slight change in test conditions may decisively 
upset results obtained in this zone. For each material, 
we should, therefore, know the change of resilience 
with the change in each of the three embrittlement 
factors, and the otherwise rather empirical impact tests 
in bending and tension allow of finding these relation- 
ships. Impact tests are safety tests ensuring that the 
behaviour of the metal really conforms to the conditions 
on which stress calculations are based. The absolute 
value of the resilience is not the most important con- 
clusion to be drawn from these tests, but a knowledge 
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T =SPECIFIC WORK OF DEFORMATION UP TO FRACTURE, 
F AND G = VARIABLE FACTORS OF EMBRITTLEMENT 


Fig. 10. 


can be obtained of the existing safety margin between 
service conditions and onset of the transition zone. 
Since service speed and temperature are usually known 
and only the triaxial state of stress may vary in an 
unknown manner with faults in the material and 
variations in cross-section, the material should be so 
chosen that, for the given service conditions, the tran- 
sition interval is reached at the highest attainable values 
of the triaxial stress factor. It is always advisable to 
keep on the safe side of the maximum resilience test 
values, and we may, therefore, draw the general con- 
clusion that a material is safe for certain proposed service 
conditions if, for the worst imaginable values of service 
speed, temperature, and triaxial stress ratios, a slight 
increase in any one of these embrittlement factors leads to 
an increase in the rupturing energy of the material. 


IV. A NEW INTERPRETATION OF THE 
NECKING PHENOMENON. 


According to Ludwik’s theory [10], a maximum shear 
stress and a maximum direct stress exist at any point of a 
material stressed under given conditions of temperature, 
test speed, and triaxial ratios. The shear stress is 
supported by the resistance of the material against slip, 
i.e., against plastic deformation, and the direct stress by 
resistance against cohesion failure, i.e., against rupture 
without deformation. Plastic deformation of the metal 
will start when, and continue as long as, the shear 
stresses reach the critical shear stress value before the 
direct stresses attain cohesion strength value. With the 
load—deflection (or true stress—natural strain) curve of 
a tensile test, we can, therefore, associate another curve 
representing the cohesive strength of the metal under 
test conditions. The deflection curve lies entirely 
below this curve for the cohesion strength, but reaches it 
at the point of final fracture, i.e., of cohesion rupture. 
The exact shape of the curve of cohesion strength is not 
known. Neither the deflection curve nor the cohesive- 
strength curve represents intrinsic qualities of the metal, 
but they depend on the three parameters, speed, 
temperature, and triaxial stress ratios [7, 11]. For a 
theoretically exact investigation, the variation of these 
curves with a change in any one of the three parameters 
ought to be known. A first idea can be obtained if the 
points of intersection of the two curves, i.e., the points 
of final rupture, are plotted for various test conditions. 
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L=LOCUS OF POINTS OF FRACTURE (McADAM) 
M= POINT OF MAXIMUM LOAD 


Fig. 11. 


Fig. 11 represents schematically the type of curves L 
thus obtained by McAdam 

The deflection curve of the simple tensile test on 
grooved or uniform cylindrical specimens shows an 
elastic range OA (Fig. 12), a range of uniform plastic 
extension AB up to the point of maximum load B, and a 
range BC of localised extension (necking) leading to 
fracture at C. According to Ludwik, the curve R of 
cohesive strength would lie above the deflection curve 
D and join it at point C only. The authors, however, 
consider that the triaxial state of stress changes funda- 
mentally during the localised extension BC and that 
during this change, the resistance against slip and the 
resistance against cohesion failure change in identical 
fashion. The curves D and R should, therefore, join 
at the point of maximum load B. (See Fig. 12). At 
point C, the possibilities of plastic flow of the metal are 
exhausted and the specimen must break by cohesion 
failure. The energy of deformation of this localised 
extension becomes less important as the total test length 
increases and it can be neglected if the test length is very 
large. With a grooved specimen, the total test length is 
very small and it can reasonably be assumed that the 
doubly localised extension becomes infinitesimal. 
Points B and C then practically coincide and curves D 
and R, in fact, intersect at point C. 
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Fig. 12a and b. 


The investigations conducted by McAdam and other 
scientists into the point of fracture under varying 
conditions of triaxial stress and test temperature, there- 
fore, combine phenomena that are not rationally com- 
parable. Only the uniform deformation ending at the 
point of maximum load takes place under well defined 
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STRESS,psi x10” 


conditions. Not the actual points of fracture (Curve L, 
Fig. 11) but the points of maximum load (Curve G, 
Fig. 11) indicate the intersection of the curve of cohesive 
strength R with the deflection curve D. Curves L and 
G coincide for tests ending in fracture without localised 
necking, but deviate from each other in tests where 
localised deformation has taken place. Figs. 13 and 14 
have been taken from papers by McAdam [7] and curves 
G connecting the points of maximum load have been 
traced into them. These curves represent the points of 
maximum ductility of the specimens under varying 
conditions of temperature and triaxial stress ratios. 
Beyond this maximum, the ductility falls more or less 
rapidly towards zero as it does in the transition zone to 
brittle fracture. Thus, we again find the maximum of 
the specific work of deformation up to fracture and the 
transition zone if any one of the embrittlement factors is 
increased. The similar form of the G-curves in tests 
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Fig. 13. 
curves. 


Influence of groove angle on tensile stress-strain 
(From the paper by D. J. McAdam, Jr.). 
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Fig. 14. Tensile tests on annealed 0:11 per cent carbon 
steel. (From the paper of D. J. McAdam, Jr.). 


The numbers given with Curves F indicate the test temperature. 
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with varying triaxial states of stress, with varying 
temperatures (Figs. 13, 14), as also with varying test 
speeds (deduced from Hoppmann’s tests) confirms the 
close analogy of the effects of the three embrittlement 
factors. 
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A New Hydraulic Torque Amplifier 


By H. WILCKE. 


A TORQUE amplifier is an element of a transmission 
system which enables an arbitrary amount of power to be 
introduced into a system without changing its angular 
velocity. Essentially it consists of an input shaft and a 
power source or motor provided with an output shaft. 
The input governs the motor speed. The torque 
required from the input (which is determined by the 
motor design) should be small and independent of the 
load on the output shaft. Both shafts are to run at the 
same speed under all conditions, but the output shaft 
may suffer a phase displacement relative to the input 
shaft, the magnitude of which depends on the load. 
Up to now, both mechanical and electrical torque 
amplifiers have been in use. 

The new hydraulic amplifier consists of a high- 
pressure hydraulic motor (with oil as working medium) 
combined with a flow regulator which acts as governor. 
The regulator acts as a stop-cock, cutting off the oil flow 
when the motor exceeds the input speed, and increasing 
the oil flow when the motor speed is too low. In prac- 
tice, this action is obtained from two well-fitting sleeve 
valves, both of which are free to rotate in the amplifier 
housing, the governor sleeve being part of the input shaft 
while the follower sleeve is fixed to the output shaft. 

Operation is as follows, both shafts being initially 
at rest. When the input shaft starts up, the governor 
sleeve opens a path for the high-pressure oil to actuate 
the motor; thus, the motor starts up and the follower 
sleeve moves in step with the input shaft, and main- 
tains the port opening appropriate to the load. If the 
angular velocity of the input shaft increases (or if the 
output shaft lags due to an increase of load), the port 
opening increases and more power becomes available, 
bringing the motor into step. 

If the input shaft stops, the motor continues to run 
until the port is closed. As a result, the oil flow (and 
with it the power supply) is cut off. Moreover, in the 
present design, a braking moment is obtained when the 
regulator is closed. It is clear that the lag between the 
input and output shafts is equal to the angular opening 
of the regulator ports, which in the present design is 
only a few degrees at maximum load. Solid stops 
prevent the device from being thrown out of step by 
overloads, shock loads, etc. Designs are available for 
use in either direction or in both directions. The speed 
of revolution can be varied to the extent of about 
1:100 or more. The output torque may be designed 
from 10 to 1000 mkg or more. 

The hydraulic motor operates at around 1400 psi 
and is designed so that its angular velocity and its torque 
on constant port opening do not vary with the angular 
position of the output shaft. 

The radial cylinder block b (see Fig. 1) rotates on 
valve journal a, which is fixed to the housing and pro- 
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(From VDI-Zeitschrift, Vol. 91, No. 5, March, 1949, p. 115, 2 illustrations.) 





a-—Valve journal 
b—radial cylinder block 
c—piston 
d—cam plate 
e—roller 
f—inlet ports 
g—return slots 
h—follower sleeve 
i—governor sleeve 
P—tradial component 
of force 
T—tangential com- 
ponent of force 











Fig. 1. 


Radial section through hydraulic torque amplifier. 


vided with inlet ports f and oil return slots g. To the 
cylinder block are fixed both the output shaft and the 
follower sleeve h. It also carries the pistons c and their 
actuating rollers e, which follow cam plate d (which is 
fixed to the housing). Arranged concentrically with 
journal a is the regulator consisting of governor sleeve i 
and follower sleeve h. ; 
When the input shaft rotates and there is an opening 
between i and h, the high-pressure oil is forced into 
the reservoir between h and a and into the ports /. 
Wherever there is a cylinder opposite one of the ports, 
the oil pressure is exerted on piston c and roller e. Now 
opposite the ports, the curve of cam plate d slopes away 
from the centre of the housing, so that the reaction 
normal to d has a tangential component T as well as 
the radial component P which is due to the oil pressure. 
The force T causes torque and consequent rotation of 
the output shafts. This rotation causes closing of 
the port f of the cylinder considered (and opening of 
one or more of the other ports) while roller e now 
traverses a concentric portion of cam plate d. When 
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this cylinder reaches one of the oil return slots g, roller e 
and piston c are pressed in by a portion of cam plate d 
which approaches the centre of the housing, so that 
oil is emptied from the cylinder. When this port is 
passed, another concentric portion of d is traversed, 
after which further power and return strokes alternate. 

These motors are arranged for 1 to 6 power strokes 
per piston and for revolution according to the desired 
speed range. 

Torque amplifiers are mainly used in automatic 
instruments of various kinds, but are also applied to the 
governing of special machines and devices, in which the 
speed is varied by computing gear boxes or depends on 





other machines, and where rigid drives are objectionable 
for one reason or another. 

A good example of this type of application is the drive 
of veneer-cutting machines. In this case, the delivery 
speed of the veneer has to be related to the speed of the 
next machine in the process line. This machine 
drives a governor shaft, which enters a computing gear 
also acted on by a feeler which determines the instan- 
taneous diameter of the log being cut. The result of the 
automatic computation is fed to the input shaft of a 
torque amplifier, so that sufficiently delicate gears can 
be used in the computing gear box while still obtaining 
a reliable final drive of ample power. 
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Mechanical Stoker with Bottom Ignition 


By E. Dvorak. 


THE efficiency of stokers using fuel of high moisture 
or ash content is low. The reactivity, the reactive 
fuel surface, the temperature of burning, and the aero- 
dynamic influences on the air, are less favourable than 
with good quality coal. 

The area of the reactive fuel surface is diminished by 
late ignition, causing a lowering of both the temperature 
in the combustion space and the specific output of the 
stoker. Most mechanical stokers ignite from the top, 
or backwards. The most efficient method, however, 
ignites the fuel from below. This article describes the 
author’s method of ignition of the fuel from below 
with hot air. 

The author carried out a number of ignition ex- 
periments with air fed from below, at 300-400° C. He 
obtained a high specific output, without excess air, 
under carefully-chosen conditions. Brown coal be- 
came ignited already at a temperature of 180° C, the 
ignition, of course, being slow. The ignition is speeded 
up by an increase in the air speed and temperature. 
There is, however, an upper limit to an efficient tem- 
perature increase. 

The outcome of these experiments was the design 
of an auxiliary grate to the stoker, which applies ignition 
from below. The hot gases arising from the burning 
of the lower layers of the fuel are drawn against the 
direction of the fuel feed. The bottom layers of the 
fuel will be of coarser size and their advance will be 
slower than the top layer. 

Fig. 1 shows schematically the principle of a grate 
of this kind for use in front of a mechanical stoker. 
The fuel is sorted according to size in the drum B, 
whence it falls into the container N,, which is filled 
with coarse and medium size coal, and into the con- 
tainer N,, the latter being filled with fine grain. The 
coarse fuel from N, slides onto the grate, consisting of 
five steps, S, to S;. S,, S,; and S, are moving parts, 
their travel being dependent on the movement of the 
mechanical stoker. The travel of S, and S, is com- 
paratively small, their object being to move the bottom 
layer of the fuel, where ignition sets in. The main 
Purpose of the step S, is to move the fuel on to the 
mechanical stoker, and thus regulate the fuel depth 
on the grate. The fine-grained fuel is fed from the 
container N, on to the top of the coarse fuel, its depth 
being regulated by the gate H. It is advantageous that 
the speeds of the coarse and fine coal can be relatively 
varied for optimum efficiency. 

There are several ways of using this auxiliary grate. 
The ignition from below will be most efficient if the 
hot firing gases from the region of the steps S, and S, 
are drawn through L into the space O. This is done 
by lowering the pressure in the space O. The curve 
r, in Fig. 1 shows the boundary of the region from 
which the gases are drawn for ignition along the ar- 
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(From Elektrotechnicky Obzor, Vol. 38, No. 6-7, April, 1949, pp. 186-188, 2 illustrations.) 
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Fig. 1 a ie 
AR 

rows 1. When the pressure in O is further decreased, the 

boundary curve moves into the position r.. The 

ignition gases will flow in this case along the arrows 1’. 

The arrows 3’ indicate in this case the direction of 

flow of those firing gases which enter the firing space 

and are not used for ignition. 

It is obvious from Fig. 1 that the fuel and the hot 
gases move in opposite directions, resulting in optimum 
conditions for ignition. As the hot igniting gases 
contain a considerable proportion of unburned gases, 
additional air will be required for the space O. The 
air speed in the bottom layers will be high, as the fuel 
is coarse and, therefore, the ignition will be more 
rapid. The burning layer of fuel will quickly increase 
in thickness. The quantity of burning fuel can be 
easily regulated by varying the speed of the moving 
steps and by regulating the air-flow. The fuel delivered 
to the mechanical stoker R will be alight in the bottom 
layers, thoroughly dried in the middle layers, and pro- 
bably ignited on top. 

The output of this type of grate is estimated to be 
nearly 400,000 B.Th.U/sq ft per hour when igniting 
wet lignite. 

The small sketch in the top right-hand corner of 
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Fig. 1 explains schematically the burning conditions on 
the grate. The rectangle abcd indicates the layer of 
fuel. The ignition from above affects the fuel to the 
right of the line ef. The ignition from below will be 
faster and the corresponding ignition boundary will 
be dh. In consequence, the whole fuel layer will be 
burning from the point h to the right, when ignition 
from below is applied. The specific output of the 
ebcdh 
grate is increased in proportion to the areas : 
ebcf 





therefore, the depth of the fuel layer can be increased. 

This auxiliary grate considerably increases the out- 
put of the boiler plant, and as it can be easily regulated, 
high efficiencies are reached for varying loads. The 
fact that large quantities of unburned gases pass into 
the combustion space is no disadvantage, as complete 
combustion can be attained by the correct supply of 
additional air. As gases are burnt in this case, very 
little excess air is required. 

The grate is very well suited for fuels of very high 
moisture and ash content. 


New Grid Casting Improves Battery Life 


By E. WILLIHNGANZ. (From The Iron Age, Vol. 163, No. 23, June 9, 1949, pp. 62-65, 6 illustrations.) 


A NEW type of lead grid for supporting the active 
oxides in the positive plates of lead-acid storage bat- 
teries has been developed by the Gould Storage Battery 
Corporation, of Depew, N.Y. The grid is the result 
of extensive research in lead-casting techniques and 
grid design, and it is expected that it will lead to sub- 
stantial increases in service life of industrial storage 
batteries. 

Ninety per cent of all motive power battery troubles 
to-day are due to the failure of metallic lead members 
in positive grids. Grid failure almost invariably occurs 
where voids and porosities have permitted the acid to 
peroxidize grid members from the inside. The prob- 
lem was, therefore, to develop a technique which 
would eliminate shrinkage porosity in the gravity 
casting of the antimonial leads used for battery grids. 

Two types of shrinkage porosity occur: (1) simple 
cavities or pipes, which are formed by solidification 
shrinkage of liquid masses completely encased in solid 
envelopes of previously frozen metal ; (2) intergranular 
porosity, appearing as a general mushiness in the 
casting, which can develop when the pure lead phase 
freezes too quickly (at 630° F) while the remaining 
antimonial phase stays liquid and concentrates to the 
12 per cent eutectic, then freezing out at a lower melting 
point (477° F). The porosity may extend to the sur- 
face of the casting where acid can then easily get at 
the pore system. 

To reduce shrinkage porosity, controlled and pro- 
gressive solidification is required, and this depends 
primarily on casting technique and grid design. 


TTITIT 



























































Fig. 1. Comparison of a new type grid (right) and a previous 
design (left), used for batteries of comparable capacity. 
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CASTING TECHNIQUE 


With the new technique, the gating into the mould 
is through much smaller openings than usual, so that 
the rate of flow of metal is reduced. The casing tem- 
perature is higher to avoid uncontrolled freezing. The 
pouring of the new grids is wholly from the top lug so 
that no shearing of the sides or ends of the grid frame 
is necessary. Side and bottom shearing frequently 
discloses edge porosity, and also produces sharp edges 
which cut through battery insulation and separators. 
In the latest type grids, shown in Fig. 1, the as-cast 
edges are rounded off. 

The grid is produced in a mould with controlled 
heat-transfer rates at various points, the freezing of 
the metal beginning at a predetermined point and 
proceeding slowly and evenly throughout the entire 
grid mass. A new type of hydraulically operated and 
air-cooled casting machine is used. The mould is 
finned externally and cooled by air blast at specific 
points. Mould coating compounds with appropriate 
heat insulating characteristics are used. Ample over- 
flow zones are provided above the small gate openings, 
so that any pipes occuring at the end of the freezing 
process will be in the useless remelt stub above the gate. 


GRID DESIGN 


The new Gould “ Z”’ grid, shown in Fig. 1, is of 
extremely simple design. It is characterized by un- 
usually large areas of unsupported cells of active 


material, and has vertical and horizontal members of 


identical, diamond-shaped cross-section. These fea- 
tures were adopted because : (1) porosity due to differ- 
ent freezing rates particularly tends to occur at the 
junctures of fine and heavy members; (2) porosity 
occurs more frequently in members with a large ratio 
of mould surface to enclosed metal; (3) the diamond 
cross-section exposes a minimum of lead surface to 
direct contact with the acid electrolyte in the assembled 


battery, and gives a sufficiently rigid structure. The 


new type grid members are designed with a Vee notch- 
ing which securely grips each enclosed pellet of active 
oxide on all sides. 

The electrical capacity of the new grids permits 
these to be made shorter than grids of the old type, for 
the same ampere-hour capacity. Thus, more space is 
available over grid tops, and this allows greater latitude 
in electrolyte level in existing standardized battery 
jar designs. 


Microscopic examination of fractured test specimers | 


exposed to acid attack has indicated that with the new 
type grids, porosity can be reduced from 85 to 90 per 
cent. This should in itself constitute a major step 
forward in battery grid improvement. 
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By W. M. McKie and D. A. LAMONT. 





Application of Electronics in the Iron and Steel Industry 





(From Iron and Steel Engineer, Vol. 26, No. 8, August, 1949, pp. 59-67, 


14 illustrations.) 


ELECTRONIC devices, especially developed for steel mill 
use, are finding widespread acceptance. Electronic 
control is a new tool in the hands of the industry, and 
its adaptability, superior response and sensitivity have 
enabled very appreciable savings to be made in material 
and labour, while also improving the quality of the 
product. 

Industrial type equipment is more rugged than its 
laboratory counterparts. The tendency is to rely less 
on the tube characteristics and more on those of the 
other circuit components. Increased dependability is 
obtained by making greater use of single-purpose tubes, 
and more tubes per equipment. In the following lines 
a brief description will be given of seven particularly 
interesting types of equipment developed in recent 
years. 


ELECTRONIC MOTOR CONTROL 


The inherent ability of d.c. motors to allow a greater 
variety of speed-torque characteristics and their greater 
ease of control are well known. Their use, however, 
has been limited by the necessity of providing rotating 
conversion equipment for operation from a.c. sources. 
The efficient sealed-ignitron rectifiers and sensitive 
controls now available make the use of these motors far 
more attractive. The equipment has characteristics 
similar to those of the conventional adjustable voltage 
system, but is not adapted for rapid reversal. Two or 
more motors may be connected to a single electronic 
d.c. drive. 

The main unit is a six-tube two-way rectifier circuit 
converting three-phase 460-volt a.c. to 550-volt d.c. 
Three sizes of tubes are available to cover the 100 to 
600 hp range of drives. The d.c. voltage is contin- 
uously adjustable by phase control of the ignitor 
excitation. With a 460-volt supply a rectifier trans- 
former and an air-core current-limiting reactor are used. 
For a supply between 480-575 volts, an auto-transformer 
is employed, while for medium or high voltage supplies 
(from 2300 to 15,000 volts) a standard three-phase 
power transformer is required. This usually has 
sufficient reactance for rectifier protection, so that 
current-limiting reactors are unnecessary. 

The standard d.c. motors are used without the 
derating for heating and reduced commutating capacity 
occurring when motors are operated from single-phase 
supply. The excitation equipment and _ the 
magnetically-saturable phase-shifter consist entirely of 
static devices, and arc ignition of the ignitrons is 
phase-controlled so that the rectifier output voltage is 
fully adjustable according to requirements for 
starting, accelerating and decelerating the drive motor. 
Automatic contro! of the saturating current for the 
excitation system is usually provided by a rotating 
regulator, and speed regulation to one or two per cent 
is easily achieved. 

The motor field current is automatically maintained 
at a constant adjustable value by a thyratron rectifier. 
The field rectifier controls the rate of field current 
increase in response to a signal obtained from armature 
voltage, this feature being necessary for high-inertia 
loads, and in addition, armature voltage take-over 
control is used in certain cases. For rapid retardation, 
a dynamic brake resistor and a contactor are employed 
to absorb the regenerated energy of the motor. 

As a rectifier operating at a reduced, i.e. phase- 
shifted, voltage has a reduced power factor, it is an 
advantage i in some cases to use a large motor frame and 
operate in the field control range except for jogging or 
threading which are at reduced voltage. Drive reversal 


is possible by means of contactors for field connection 
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reversal or alternatively by installing a duplicate rectifier 
unit. 


ELECTRONIC POWER CONVERSION 


The Edgar Thomson Works of the Carnegie-Illinois 
Steel Corporation have had two 10,000-kW electronic 
frequency changers in service since the beginning of 
1944. The pentode sealed-type ignitrons had a 3-year 
warranty, and after a fourth year of service, over 50 
per cent of the tubes were still functioning correctly. 
Even on the basis of a 3-year life, the higher efficiency 
over the whole operating range of the electronic fre- 
quency changer compared with rotating converters, 
more than pays for tube renewals. 

The electronic frequency changer is used for con- 
trolling power flow between systems having the same or 
different steady or variable frequencies and voltages. 
The conditions for optimum efficiency are that (1) 
sufficient reactive kVA are available for commutation, 
harmonics, and transformer magnetizing current, from 
synchronous machinery of both interconnected systems ; 
and (2) the system voltages should be sufficiently high 
to require the transformers necessary in the electronic 
changer, for a.c. and d.c. circuit insulation. For cases 
outside this sphere, conventional equipment should be 
chosen. 

The direction and magnitude of power flow is 
controlled by varying the rectifier ard inverter grid 
excitation by phase-shifting. Controls can be provided 
which are responsive to predetermined ratios of power 
supplied by other prime sources of either system, etc. 
Fault currents cannot be contributed by the converter 
to a fault in the system supplying the rectifier end of the 
converter, and a fault current from the converter to a 
fault in the inverter-supplied system is limited by the 
inverter commutation characteristic to slightly more than 
full-load current. Internal faults such as arc-backs in 
the rectifiers and failure of an inverter to resume control 
during positive half cycles are suppressed by high-speed 
relays and contactors which bias the rectifier grids and 
reduce rectifier currents to zero until the defective 
circuit operates satisfactorily. A typical diagram of an 
electronic frequency-changer is shown in Fig. 1. 


X-RAY THICKNESS GAUGE 


Increased speed and production have been obtained with 
a new X-ray thickness gauge* operating on a hot strip 
mill in the Irvin Works of the Carnegie-Illinois Steel 
Corporation. The equipment is readily adaptable for 
all gauging work where a non-contacting gauge is 
required. 

Prior to its advent, the hot strip was gauged using a 
hand micrometer at one end of the strip coil, and then 
only after the metal had cooled considerably. With 
strip speeds of 2000 fpm and temperatures of 1300-1750 
F, something like 6 tons of steel may be rolled before 
gauging is possible by the old method, so that heavy 
losses due to reallocation of off-gauge strips might be 
expected. Additional difficulties were presented by the 
cooling water sprays and the vertical vibration of 
several inches of the strip as it leaves the rolls, which 
makes large clearances necessary to avoid jamming. 

The new X-ray thickness gauge has an overall 
accuracy of +2 per cent over the range of 40-190 mm of 
steel thickness. A zero adjustment is provided for use 
with the various scales on the gauges required for mea- 
suring different alloys. The equipment comprises an 





*See also THE ENGINEERS’ DiGEsT, June, 1948, pp. 194-196. 
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Fig. 1. Typical single-line diagram of an_ electronic 


frequency changer. 


X-ray tank unit, a top detector head, a control cabinet, a 
gauge dial, and at least one deviation dial. A 100- 
kilovolt tube is used for hot steel, and a 50-kV tube for 
cold steel or aluminium. Cooling of the X-ray tube 
and its H.T. and filament voltage supplies is by forced 
oil circulation. 

The X-ray tube transmits two beams at right angles. 
‘the horizontal reference beam passes through a steel 
gauge wedge, which can be adjusted by a small reversible 
motor controlled from the operator’s desk so as to place 
a desired thickness of steel in the path of the beam. 
The transmitted radiation falls on a detector unit con- 
sisting of a photocell with a zinc sulphide fluorescent 
coating and a glow-discharge lamp. The glow of the 
fluorescent coating during positive half-cycles is picked 
up by the photocell and compared with the light from 
the glow-discharge lamp radiated during the negative 
half-cycles, and any difference voltage is then transmitted 
to the automatic H.T. control system. The regulator 
maintains constant energy at the fluorescent coating 
when the position of the gauge wedge is varied by the 
operator. 

The second beam passes vertically upward through a 
second adjustable steel deviation wedge, and through 
the thickness of the strip to be measured. The rays 
make a one-inch wide trace on the moving strip and fall 
on the overhead radiation detector, also consisting of a 
photocell with a fluorescent coating and a glow-discharge 
lamp. The difference voltage of this circuit causes an 
automatic positioning system to readjust the deviation 
wedge until the difference is zero, and the difference in 
strip thickness is indicated on the deviation dial marked 
in millimetres. 


SUPERSENSITIVE PIN-HOLE DETECTOR 


This new equipment detects pin-holes as small as 0-005 
in. in diameter at strip speeds of 50-1000 fpm. The 
previous pin-hole detector could only indicate pin-holes 
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at least three times this diameter, and only up to 900 
m 


The new scanner comprises a light unit with two 
cylindrical condenser lenses extending the full 40 in. 
of strip width. The light is supplied by 31 cinema 
type photocell exciter lamps with straight filaments, and 
is focussed on the strip surface. Light passing through 
a pin-hole will fall upon a photocell after passing through 
a diffusing opal glass window. The detector is provided 
with a pair of adjustable shutters to shield the end photo- 
cells when operating on strips narrower than 40 in. 
Floating shutters can also be installed so as to follow any 
lateral movement of the tin plate by means of rollers 
riding against the strip edges. Thus pin-holes can be 
detected to within } in. of either edge of the strip. A 
sketch of the new scanner unit is given in Fig. 2. 
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Fig. 2. New supersensitive pin-hole detector. 


The photocell voltage is fed to an electronic timer 
on a control panel. This timer delays operation of a 
marking device until the pinhole has moved to a position 
adjacent to the marker. The control panel also initiates 
the operation of the diverter gate which allows the cut 
sheet containing the pin-hole to be rejected. 


SYNTHETIC CURRENT TOTALIZER 


In order to be able to correlate properly the speed with 
the plating current, the operator of a tinning line should 
be able to read the total current. Instead of using a 
heavy, power-consuming bus bar from each current 
rectifier or generator section along the plating line and a 
large expensive shunt, the synthetic current totalizer 
totalizes the plating currents without bringing the 
actual circuits together. 

Equipment of this type has been installed in the 
Aliquippa Works of the Jones and Laughlin Steel 
Corporation. An average value representing the total 
current is obtained by combining the indications from a 
number of 50-100 millivolt shunts in each plating 
rectifier or generator section. The output is applied to 
a coil of an industrial type galvanometer, and the 
deflection of the galvanometer mirror brings a portion of 
the reflected light beam from a light source on to a 
photocell. The photocell output is amplified and supplies 
the control field of a rotating regulator. A portion of 
the regulator output is fed back into the second galvano- 
meter coil and tends to deflect the mirror in the opposite 
direction, so that a state of equilibrium exists when the 
two coil currents are equal. Hunting is avoided by 
inductive feedback between the galvanometer coils and 
the amplifier circuit. The indicated total current is 
given by the regulator output voltage which follows the 
totalized shunt voltage from zero to the rated current of 
the shunts. 

For automatic regulation, the totalized plating current 
can be adjusted as a function of the speed of the tinning 
line. A block diagram of the current-speed regulator is 
given in Fig. 3. 
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Fig. 3. Synthetic current totalizer and iated 
used for current-speed regulation for tin-plating line. 


The output of the above rotating regulator is fed to 
the field of a second rotating regulator which is supplied 
from a tacho-generator connected to one of the line 
drive motors. The output of the second regulator then 
controls the field of the exciter which supplies the 
voltage to the d.c. windings of saturable core reactors in 
the primaries of the rectifier transformers. Each reactor 
has an a.c. winding with a reactance and voltage drop 
depending on the magnetic saturation produced by the 
d.c. winding. Thus, the primary voltage of each rec- 
tifier transformer and the plating current from each 
rectifier are controlled easily and accurately. All the 


totalizer equipment is mounted on anti-vibration 


supports. 


ROTATING REGULATOR AMPLIFIER 


A new rotating regulator power pack has recently been 
developed which can be economically produced in great 
numbers. The package consists of a 1500-watt rotating 
regulator unit with a 150-watt direct-connected exciter, 
and an electronic amplifier and regulator mounted in a 
compact enclosure on one side. The power pack can be 
connected to a tacho-generator on a motor to provide 
speed regulation to +1 per cent. The tachometer 
generator voltage is compared with an adjustable 
reference voltage from a built-in voltage regulator tube, 
and the error voltage amplified in the electronic portion 
varies the field of the regulator portion, which in turn 
reduces or boosts the field of the motor or the generator 
supplying it, to hold constant speed. Another appli- 
cation is that of proportioning load among motors, in 
order to prevent overloads. This is achieved by 
os the line current of each motor with a reference 

y the electronic portion, which, in turn, controls the 
pid of the rotating regulator which raises or lowers the 
motor speed until the motor is properly loaded. An 
anti-hunt device built into the unit ensures smooth 
motor operation. 


REGULATING SYSTEMS 


Using an electronic pre-amplifier and a rotating regu- 
lator final amplifier, the size of the machines regulated 
can be increased to about 3,000 kilowatts. The speed of 
response is slightly slower than that of the fully electronic 
regulator, but nevertheless is still very fast. The system 
has been successfully applied to steel mill drives and 
power rectifier regulation. The amplifiers and regu- 
lators are of rugged design, and fit into flush-mounted 
draw-out type cases. One of the most important 
features of all these combination regulators is that they 
have no dead band of operation, and control is effective 
immediately the tendency to vary has become a reality. 


SWEDEN 


The Swedish 380 kV Transmission System 


By A. Rusck and B. G. RATHSMAN. 


It has been estimated that the water power resources 
in Sweden which can be economically utilised for 
hydro-electric schemes have a potential annual output 
of about 50 « 10° kWh. Of these sources, 15 per cent 
are situated in the southern parts of the country, and 
85 per cent in the less densely populated north. 

Since 1936, when the first 220-kKV power trans- 
mission line was put into service, the power transmission 
system running from north to south has been gradually 
expanded so that it now comprises five parallel lines, 
with a sixth line also approaching completion. 

In 1946 it was decided to harness Harspranget, 
Sweden’s biggest waterfall, situated 22 miles north 
of the Arctic Circle, and 600 miles from the consumer 
centres in the south. A 380-kV line will be used for 
power transmission, with a maximum service voltage 
of 400 kV. Despite the promising results achieved at 
the experimental station at Trollhattan, the develop- 
ment of d.c. systems was not sufficiently advanced for 
their use in the Harspranget project, and a.c. trans- 
mission has, therefore, been adopted. 

The plant in its first stage will include a power 
station with step-up transformers at Harspranget, con- 
nected by a line, 593 miles long, to a transformer station 
at Hallsberg for stepping down the voltage to 220 kV, 
1949 
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(From Asea fournal, Vol. 22, No. 7, July, 1949, pp. 107-117, 11 illustrations.) 


and a 380/220 kV transformer station at Midskog, 
half-way between the two terminals, where the 380-kV 
line will link up with the 220-kV network. Further 
power sources in the Midskog district with an aggregate 
output of 1:2 10° kVA will also be connected to the 
220-kV network (see Fig. 1). 

The majority of Swedish power line systems is 
operated with neutral earthing through a Petersen coil. 
This arrangement has also been applied to the 220-kV 
system and proved adequate until the transmission 
lines reached lengths of 1900 miles. when the arc ex- 
tinction became uncertain. In the 380-kV_ system, 
design and economy considerations have made it pre- 
ferable to choose a solidly earthed neutral, instead of 
the Petersen coil. 

According to Swedish Standard Specifications, a 
380-kV system calls for a station insulation level of 
class 1775, i.e., an insulation capable of withstanding 
1775 kV on 1/50 full wave. However, for a solidly 
earthed system it should be permissible to reduce the 
insulation level by about 20 per cent. However, certain 
complications arose in the projected 380-kKV system, 
as, owing to the extremely long transmission lines, the 
system will be subjected to exceptionally high voltages 
when one line end is disconnected. In the event of 
an earth fault, in the most adverse case, the voltage to 
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Fig. 1. Line diagram showing first stage of the 380-kV system. 


earth at the open end of the line may be more than 200 
per cent of the normal voltage to neutral, while at the 
380-kV busbars in the power station it may rise to about 
180 per cent. 

Adequate surge diverters with a reseal voltage leaving 
a safe margin for normally occurring over-voltages were 
therefore required, and it was also necessary to raise the 
requisite minimum insulation level to ensure adequate 
protection. Calculations showed that the lowest in- 
sulation level should be about 1550 kV for apparatus 
in the immediate vicinity of the surge diverters, and 
1750 kV for plant equipment situated within reasonable 
distance of the surge diverters. The difference in 
cost for transformers of classes 1775 and 1550 was only 
5-9 per cent, and was, therefore, considered too slight 
to justify any attempted saving at the expense of in- 
sulation quality. The insulation class 1775 was, there- 
fore, specified for transformers, circuit breakers, and 
other switchgear apparatus, which shall be tested to 
withstand the following values :— 


Impulse test 1/50 full wave 1775 kV 
50 cps a.c., dry test ‘ 976 kV 
50 cps a.c., wet test... ss 781 kV 


Line insulation is required to provide adequate safety 
against flash-overs due to lightning or switching surges, 
and the lowest line insulator elements must not be 
subjected to excessive voltage stresses. Table I specifies 
the number of elements attached to the suspension 
strings for the various types of insulators, the flash-over 
clearances and the approximate impulse strength. The 
most commonly used type of suspension string is type A 
with 20 elements, given in Table I, with an impulse 
strength of 1580 kV, a 50 cps withstand voltage of 940 
kV when dry and 760 kV when wet. This should give 
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Taste I. INsuLATOR Types USED IN STRINGS FITTED To Sus- 
PENSION TOWERS, AND CORRESPONDING FLASH-OVER CLEARANCES 
AND IMPULSE STRENGTH. 











| Flashover Impulse 
Type | Spacing Number clearance* strength** 
| mm mm kV 
a a 2920 1580 
B 158 | 22 3010 1620 
Cc | 146 23 2880 1560 
D 146 23 2880 1560 


| 





*Across string. **At positive impulse 1/50 when wet. 


adequate protection, as the over-voltages due to switch- 
ing which are likely to arise with the type of circuit 
breakers selected should not exceed a value 2°5 to 3 
times the system voltage. A grading ring fitted to the 
suspension insulators reduces the voltage across the 
bottom elements to a safe value. 


POWER STATION AT HARSPRANGET 


The power plant on the river Stora Lule Alv is a 
1430 m (4700 ft) long stone-filled dam crossing the river. 
The generator house, blasted into the living rock, has 
its floor 75 m (250 ft) below ground level. After 
passing the turbines, the water is discharged through a 
13-mile long tunnel, with a cross-sectional area of 2050 
sq ft. The power plant will comprise three turbine 
sets, each rated at 107 m*/sec (3780 cu ft/sec). The 
total head will be 107 m (350 ft) and the aggregate 
power output 290 MW. Space for the future installa- 
tion of a fourth set has been prepared. The generators 
are rated at 105 MVA, 16-kV, power factor = 0°9, and 
will run at a speed of 167 rpm. Because of the long- 
distance transmission, the machines are designed with 
low reactances: subtransient reactance of 15, and 
transient reactance of 22 per cent. Auxiliary power 
requirements are supplied by 1200-kVA 50-cps station 
generators mounted directly on the generator shafts. 

Bare conductors carry the generated power to the 
step-up transformers also installed underground. The 
16/390 kV transformer plant is of a special design 
which has been found to present economic advantages. 
It comprises four main single-phase transformers, each 

370 
rated at 115 MVA, 16 / —— kV, and four single-phase 
v3 


30 
regulating transformers of 9°3 MVA, 16 / —— kV, 
v3 
connected to the neutral point of the 380-kV side. One 
of these transformer sets acts as a stand-by, and the 
other three form a unit common to the three generators. 
To obviate the heavy currents and short-circuit kVA 
which would arise if the generators were directly con- 
nected on the 16-kVA side, the main transformers are 
constructed with five core limbs and three separate 
16-kV windings, one on each of the three central limbs, 
and each winding connected to the same phase on the 
three generators. 

Two 60-MVA, 16/154 kV transformers supply 
power to a local 154-kV system. The location for one 
of these transformers will at first be used for a 135- 
MVA, 16/240 kV transformer, which during a transition 
period will be used to operate the 380-kV system at 
220 kV. The equipment will also include three 40- 
MVA reactors. Three double-pole 16-kV_ circuit 
breakers will be provided for each single-phase unit 
to enable the 380-kV transformers to be switched in 
and out of circuit. The operating system will be so 
arranged that any three breakers connected to the 
same busbar will be switched off simultaneously, but 
will also be capable of being operated individually when 
switching over transformer phases. The remaining 
step-up transformers, generators and reactors will be 
provided with normal three-phase circuit breakers. 
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Cables running through a vertical shaft carry the 
power up to ground level, and from there by overhead 
cable to the switch-yard. Six single-pole circuit 
breakers are provided for handling the 380-kV power, 
one three-pole group being intended for normal service 
and the remaining poles for connecting the stand-by 
transformer and as a reserve for the service breakers. 


TRANSMISSION LINE 


The power cables are suspended from steel towers 
with a clearance of 12 m (39 ft) between phases, and a 
cross beam 23 m (75 ft) above ground level, the standard 
span being 330 m (1080 ft). 

In areas where the line will be exposed to exception- 
ally heavy icing, the span will be reduced to allow the 
cables to carry a total load of 4 kg/m instead of the 
usual 3°3 kg/m normally allowed. To keep down the 
weight, the towers will be made of high-grade steel with 
a tensile strength of 52 kg/mm? (33 tons/sq in), the 
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Fig. 2. Standard line tower supporting double conductors 
for 380-kV system. Dimensions in mm. 


masts and cross-beams being built up of angle sections 
joined by welded bracing pieces which are corrugated 
for added stiffness (see Fig. 2). 

The towers are raised on a foundation consisting of 
8 to 12 sleepers joined by heavy beams, to which the 
two mast bases reaching up to ground level and carrying 
the mid-sections and superstructure are fixed. All 
steel parts are hot galvanized; the lower sections are 
also dressed with zinc sheet for protection against 
corrosion. On the cross-beams are mounted two arms 
supporting the steel earth wire of 70 mm? (0°109 sq in.) 
cross-section. The standard tower weighs 7:1 tons, 
which corresponds to ee 22'5 tons of steel 
per km of line (36:2 tons per mile). 

Double conductors suspended side by side, with a 
clearance of 45 cm, are used. These two 592 mm? 
(0°918 sq in.) steel-aluminium cables per phase, with 
a diameter of 31‘7 mm correspond to two 330 mm? 
copper conductors, and give a line reactance reduced 
by 26 per cent as compared with a single conductor of 
large diameter. The double conductors give con- 
siderable improvement in line stability, raise the critical 
corona voltage, and are less costly than the tubular or ex- 
panded type single cable which includes non-conductive 
materials. Multiple conductors with 3 or 4 cables 
per phase would reduce the reactance and corona 
losses still further, but these gains would not outweigh 
the cost and added complication of design. The con- 


ductors chosen have an ohmic line resistance of 0°0275 
ohm and a reactance of 0°33 ohm per phase and km, 
and a line capacitance of 0°011 microfarad per km, 
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corresponding to a reactive power of 500 kVAr per 
km at 380 kV. 

The cables are tensioned to 6:0 kg/mm? at 0° C, 
hanging under their own free weight, and the sag of 
a normal span is 102m. To counteract the electro- 
magnetic pull which predominates at heavy currents, 
it is necessary to fit distance pieces at intervals of not 
more than 350 m (1150 ft) to maintain the clearance 
between the conductors. However, owing to the 
corona voltage it is also essential that the conductors 
shall not approach one another closer than 20 cm, 
apart from occasional sway due to high winds. Tests 
still in progress indicate that these distance pieces 


must, therefore, be inserted every 125-150 m (400-500 


ft). 

Single string insulators of 20 elements, with a total 
length of 4:2 m will be used for supporting a working 
load of up to 4 tons, this being adequate for 95 per cent 
of the towers (see Fig. 3). The remaining towers will 
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Fig. 3. 380-kV insulator string with grading ring. 


be fitted with duplicate strings, while the anchor 
towers will have triple or quadruple strings. The 
insulator strings are fitted with arcing horns at the 
upper end and a grading ring at the cable end to equalize 
the voltage on the two bottom insulator elements. 
Standard cable holders, fixed to a yoke suspended from 
the insulator string, carry the double conductor. The 
cables are whipped at the points of support for pro- 
tection against damage due to fretting, and vibration 
dampers, 12 per tower, are fitted on either side of the 
holder. 


TRANSFORMER STATIONS AT HALLSBERG 
AND MIDSKOG 


At Hallsberg, the terminus of the 380- kV line, the 
power is stepped down to 220 kV and fed into the dis- 
tribution network. The two transformer sets used 
comprise three single-phase units each, rated at 

385 | 26 
100/100/67 MVA, — | [2 5 kV, and a three- 
/3!l V3 
50 
phase regulating transformer for 39 MVA, 20 / — kV. 
i /3 
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No stand-by transformers have been installed, as each 
of these sets is capable of handling the greater part of 
the power. The transformers have twin-limbed cores, 
the tertiary winding being connected to two loading 
reactors of 60 MVA each and a 75 MVA synchronous 
condenser, designed for hydrogen cooling. The ter- 
tiary winding also supplies the excitation current for 
the regulating transformers. 

The outdoor 380-kV switchgear installation will 
have room for five lines, a double busbar system, and 
auxiliary busbars for by-passing any one of the line 
breakers. At first only two transformer circuit breakers 
will be installed, and arranged so that the breaker may 
be common to both transformers, if required. 

At Midskog, the transformer station serves to link 
up the midpoint of the 380-kV line with the 220-kV 
system. The previously built power station has a 
total output of 95 MW, stepped up to 220 kV. The 
switchgear installation is being extended to adapt it 
to the new linkage. The connection between the 380 
and 220 kV systems will be provided by four single- 
a transformers, rated at 110/110/75 MVA, 


258 
a | 365 kV and four single-phase regulating 


+ 55 
transformers for 15 MVA, 32 / moe EV, the fourth 
/3 
set acting as a reserve. 


As the 380-kV line Midskog-Hallsberg will be 
connected in parallel with the existing 220-kV lines, 
and the ratio R/X_ for the 380-kV line is only 0°08 as 
compared with 0°18 for the 220-kV lines, it is desirable 
to increase the proportion of the load transmitted on 
the 380-kV side in order to reduce losses. A phase- 
shifting transformer will, therefore, be installed on the 
220-kV side at Midskog, giving a voltage displaced 
through 90° and amounting to about 25 per cent of the 
main voltage. This transformer is composed of three 
single-phase units, having a series winding on the 
220-kV side and a 30-kV excitation winding which is 
energized from the tertiary winding of the 380/220 kV 
set via 30-kV busbars. 


CIRCUIT BREAKERS AND RELAY 
PROTECTION 


In its initial stage, the 380-kV system will be equipped 
with seven air-blast circuit breakers rated at 1000 A, 
having a rupturing capacity of 8000 MVA at 350 kV. 
The breakers will have non-linear resistors in order to 
reduce the voltage impulses due to switching. The 
breaker design enables high-speed reclosing to be carried 
out, single-phase or three-phase, in about 0°10 sec, 
at an operating pressure of 15 atm. Circuit breakers 
for the 220-kV system will be of basically similar de- 
sign, having a rupturing capacity of 5000 MVA, and 
air-blast breakers will also be used for the lower voltages. 
Interlocking of certain breakers and isolators has been 
introduced in order to obviate faulty operation. 

Relay protection for the lines is furnished by dis- 
tance protection with supplementary carrier protection, 
so that it is possible in the event of a single-phase 
fault to effect disconnection and high-speed reclosing 
of the affected phase only. A new high-speed breaker 
design is now nearing completion. The protection is 
energized by a capacitor voltage transformer and 
separate current transformers, connected to the con- 
ductor to be protected. 

Separately mounted current transformers installed 
at the main transformers are a costly item, and have 
been replaced by current transformers of the bushing 
type. Selective disconnection in the event of flash-over 
is facilitated by arcing rings, earthed through simple 
current transformers with instantaneous current pro- 
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tection. The transformers are equipped with gas 
relays, differential protection, earth fault protection, 
and thermal over-current protection. The protection 
is designed so as to obviate the need for switching over 
in the secondary circuits of the instrument transformers 
when changing the line connections, etc. In some 
cases it may be necessary to redirect the tripping im- 
pulse to the circuit breakers. 


OVER-VOLTAGE PROTECTION AND 
VOLTAGE CONTROL 


The two earth wires protecting the conductors 
extend the full length of the line and present a shielding 
angle of 24 deg. at the suspension towers and 26'5 deg. 
at the mid-span. On the north line section the re- 
sistance to earth is reduced to a maximum of 30 ohms, 
while on the south section, where the frequency of 
thunderstorms is somewhat higher, the value is 25 
ohms. Exceptionally robust surge diverters will be 


installed at Harspranget, and the switchgear equipment 
will be provided with a special earth wire protection 
extended to cover the two adjacent spans of the 380-kV 
line. Similar protection will also be provided for the 
130-kV transformers, busbars, etc. 

Each line section generates 250 MVAr at 380 kV. 
Various means are provided for selecting the voltage 
appropriate to various service conditions, namely the 
regulating transformers at the three stations, the eight 
reactors totalling 420 MVAr, the 75 MVA synchronous 
condenser at Hallsberg and the linkage with the 220- 
kV system at Midskog. 

Initially, the north line section will transmit power 
only from Harspranget, about 300 MW, and the stability 
margin will be ample. According to model tests, the 
section Midskog-Hallsberg should be capable of trans- 
mitting about 400 MW without endangering the stability. 
The ohmic losses in the north line section Harspranget- 


Midskog at 380 kV and 300 MW input from Harspranget 
will amount to 76 MW. The corresponding losses 
in the south section will be 13°6 MW when carrying 
400 MW. In addition, the corona losses will amount 
to about 2 MW in each line section, and thus bring the 
total line losses when transmitting maximum power to 
about 25 MW during the first years. 


TIME SCHEDULE, COSTS, AND FUTURE 
EXTENSION OF THE 380-kV SYSTEM 

The first generator at Harspranget is scheduled to 
come into operation in 1951, and the line Harspranget- 
Hallsberg should by then also be completed. However, 
owing to delays in delivery of equipment, the line will 
first be operated at 220 kV, and should be ready for 
putting the 380-kV system into operation towards the 
beginning of 1952. 

Towards the end of 1952 a new power station at 
Storfinnforsen, supplying some 100 MW, will come 
into operation. This power and the power from a 
further station at Kilforsen will be fed into the 380-kV 
line at a point about 35 miles north of Midskog. Fur- 
ther extensions of the transmission system will gradually 
be carried out, and it is now estimated that six 380- 
kV lines will be required to carry all the hydro-electric 
power available. 
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THE design of impeller blades for centrifugal flow 
machines can be based on a wide variety of methods. 
Most reference books give several methods, without 
dwelling on their respective merits. This is because 
one type of calculation may in certain cases produce 
figures in closer agreement with experimental results 
for a given variable, for instance, the efficiency of the 
machine. The fact is that the behaviour of the turbine, 
which converts the energy of the working medium into 
power, is much less difficult to determine than that of 
rotary machines performing work on a medium. 

In the turbine, the flow through the rotor is accelera- 
ted, and any eddies being formed are immediately 
carried away. In the centrifugal compressor or pump, 
however, it frequently occurs that the eddies either 
remain at their place of origin or drift to other positions 
while altering their size and shape. The free stream 
cross-section thus varies both locally and with respect 
to time. This is why purely geometrical methods of 
calculation, which give useful results for turbines, 
frequently fail when applied to centrifugal machines 
used for compression or expansion work. In a centri- 
fugal flow machine, the blading should be designed to 
provide constant deceleration, and hence a uniform 
velocity gradient in the impeller passages. 

The problem is difficult enough, even if reduced to 
two dimensions. The usual procedure is to assume 
that the stream can be resolved into two independent 
components: (1) a meridian stream, doing no work, 
situated in an axial plane, and (2) a peripheral stream, 
symmetrical relatively to the axis of rotation, to which 
energy from the blades is transmitted. The theoretical 
pressure head H,, and the true head H can then be 
obtained from the assumed head H,,,, in the usual 
manner [1]. 


CALCULATION OF BLADE PROFILE 


After having drawn similar profiles in the meridian 
plane, the first operation is to determine the ‘“‘ mean 
stream line” in that plane. This line divides the 
meridian cross-section into two parts of equal absorb- 
ing capacity. As the meridian flow can be regarded 
as a potential flow, it is possible to construct a flow 
net, based on the type of profile chosen. The easiest 
procedure is as follows: Let s’ path, and c,,’ 
velocity along streamline, in the meridian section; 
then the velocity potential g is related to s’ by the 
relation 

ag = ¢,. as. 
The lines ¢ const. are normal 
to the streamlines and to the 
blade contours. We can thus 
draw these normal lines (equi- 
potential lines) spaced at equal 
intervals 4g and draw, perpen- 
dicular to two of these, a 
streamline element 4s (instead 
of the differential ds), defined by 
Cm As’ = 4p = const. = kg (1) 
For large cross-sections, two 
more streamline elements are 
needed between the two lines 
Q const. already used, in 
order to divide the cross-section 
into four (instead of two) por- 
tions of equal absorbing capacity. 


[1] See, for instance: PFLEIDERER: 
Kreiselpumpen, 2nd ed., Springer, 
Berlin; HUTTE: Vol. 2, 27th ed., 
p. 709: and Eck: Ventilatoren, p. 29. 
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Fig. 1. Centrifugal pump impeller (Example 1). 
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The curved quadrilaterals obtained in this manner 
have a mean length 4s’ and a mean width 4b. Let 
r denote the distance to the axis of rotation from the 
centre of each of these quadrilaterals (see Fig. 1). By 
virtue of the assumptions made, the quantity of fluid 
4Q between two streamlines is constant, so that we 
can write 


Q discharge quantity per sec. 





40 = — =e 
1 No. of stream sections 
and, therefore, since c,,’ = 4s’/4t, 
40)— Zar Abie, «. oe me (2) 


or with eq. (1) 
4Q = 2rr Abky/As’ = k, 
so that 
r 4b/As’ = k,/(2akg) =k a (3) 


and this is valid for each complete strip between two 
adjacent ¢-lines. 

Eg. (3) can now be used to check the correctness of 
the strip, and errors are corrected by shifting sideways 
the streamline elements in the strip. The corrected 
line elements are connected smoothly to the streamlines 
previously constructed, and further strips, independent 
of the first one tested, are also checked and corrected 
in the same manner. Any change in direction of a 
streamline requires a corresponding alteration of the 
equipotential lines, since the two sets of curves are 
orthogonal. Generally, three or four equipotential 
lines are sufficient to determine the stream paths 
fairly accurately. The value of k& in eq. (3) is, of 
course, different for each strip between equipotential 
lines. With a little practice, the mean streamline of 
the flow can thus be rapidly determined [2]. The 
velocity c,,,’ is obtained from eqs. (1) and (3).: 

Cm = 4Q/(2rk As’) = k,/(2ak As’) .. (4) 
where & = constant for the equipotential strip, and 4s’= 
distance between the two equipotential lines of the strip 
at the point considered. 

The numerical value of c,,’ on the mean streamline 
can be obtained for each strip investigated. Inter- 


(2] Further details on the determination of flow patterns are given 
in ‘“* Wasserkraft u. Wasserwirtschaft,” 1937, p. 26. 
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mediate values are easily determined graphically by 
plotting the c,,’-vectors on the stream-lines s’. 

Thus, the projection s’ of the mean length s of the 
blade passage and the corresponding meridian velocity 
c,, are known. As the blades are not infinitely thin, 
the true meridian velocity c,, has a mean value some- 
what greater than c,,’.. However, this difference is 
generally extremely small, and will be neglected for 
the time being, as the correction can only be assessed 
after completing the construction of the blade. 

he requirement of a constant deceleration in the 
impeller passages can be formulated as 


aud = ast. =k,  .. io 1) 


The following notation will now be used, in conjunction 
with Fig. 1:—Let u = peripheral velocity, c = absolute 
velocity (impeller), w = relative velocity, B angle 
between w and — uy, dt time element, s = mean 
path of streamline, s’ = projection of s in meridian 
plane, s” projection of s in horizontal plane. 
Subscripts 1 and 2 denote impeller inlet and outlet 
respectively, m denotes projection in meridian plane, 
u denotes projection in the peripheral direction, and 
r denotes projection in the radial direction. 

Furthermore, let # angle between c,, and c,, and 
hence between s’ and r, y = the angle from the begin- 
ning of the blade to the point considered, in the hori- 
zontal plane. We thus have 


w = ds/dt 
where s = mean length of passage (i.e., true length of 


the curved line in space shown by the two projections 
s’ and s” of Fig. 1). Eqs. (5) and (6) then give 








dw ds dw dw 
od w—ooH=-k, .. (7) 
dt dt ds dt 
Furthermore, since c,, = ds’ /dt, 
C»/w = ds’/ds oe ne (8) 
and Cc», = wads’/ds = k,, ds’ /dw 
or dw = ky ds /cx, Sez a (9) 


The relative velocities w, and w, at the blade inlet 
and outlet being already known from a preliminary 
calculation, we can integrate eq. (9), in the first place 
to obtain the value of ,,: 

2 
toads" 
W,—w, = ky, | — =k, sy. 
c 


m 


1 
or kw = (Ws2—@,)/Si3_.- +: (8a) 
The value of the integral S,, can be found graphically 
as the area under the curve 1/c,, plotted as a function 
of s’. If desired, k,, can also be obtained as a function 
of r instead of s’, since 
Ce. arj/ds’ = cos 

so that with 


Ry = (wW.— w,)/Ry2 i v4 400) 
Having found k,,, we can now calculate w w(s) or 
w w(r) for any given point x on s’ by integrating eq. 
(9) up to the point x: 


w=, +k,S,, an ae eee) 
k 


S 
oe ws .. (1b) 
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Fig. 2. Curves and graphical integrations used in example 1. 
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Fig. 3. Blower impeller (Example 2). 


To determine the blade dimensions it is necessary to 
know the angle f: 


sin B = c,,/w Bee ~ ClZa) 
or sin B = c,/(wcos #) ine or GLZB) 
The component of w in the peripheral direction is 

w, — rdx/dt ae os) 
hence Cm/W, = ds’ /(r dy) = tan B ss — C¥4) 
or dy = ds /f(rtan Bp) .. oy “45) 


Integration of this equation gives the angle y for any 
point x ons’ orr: 
x 
ds’ 
x 57°3 | ——-___[deg.] «« (¢k6a) 
J rtanp 








ie x — 573 | neitamaianne Sie’ tithe 
rtan B cos # 
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We have thus found corresponding values of x and r 
by means of which the contour s” in the horizontal 
plane can be plotted. Two examples will now be given 
to illustrate the practical application of this method. 


ILLUSTRATIVE EXAMPLES 


Example 1: It is required to determine the blade 
shape of a centrifugal pump, for which the impeller 
contour in the meridian plane, and the inlet and outlet 
angles 8, and B, have already been determined, so 
that B, 15°, and 8, = 45. 

The flow pattern is first plotted, as previously 
described. Referring to Fig. 1, if the running speed is 
n 1250 rpm, and r, = 0°13 metre, we have 


u, = 2nr,n/60 = 17 m/sec. 
The moment of momentum is still equal to zero in 


front of the impeller passage, hence cui 0, and the 
inlet triangle is right-angled, so that 

tan By = Cy /uy 
and Cm = U4, tan B, = 17 tan 15° — 455 m/sec. 


The contraction coefficient k, at the inlet (point 1) is 
estimated first as ky = 0°775 (this will be checked later 


on). Therefore, we have for the flow pattern 
Cm = Cmi Rv = 3°53 m/sec. 


The plot of the flow pattern for the potential strips I to 
VI gives the values listed in Table I 








TABLE I 

Strip between k s’ | ¢m(s’) 
equipotential {m] [m] | [m/sec] 
lines (eq. (3)) (from drawing) | (eq. (4)) 

I —_ = 2°81 

II 0-1811 0-01775 3-26 

III 0-1575 0-01850 i 3°61 

IV 0-2115 0-01425 3-49 

Vv 0- 3300 0-01000 3-18 

VI — —_ | 2°81 





The values of c,,’ given in this table were first calculated 
with an arbitrary value for k, and plotted against s’ 
The scale for c,,’ was then corrected in such a way as 
to make the value of c,,’ equal to 3°53 m/sec at point 
1 of the mean streamline s’. 

Further values required for the construction of the 
blade are given in Table II. 





of eq. (lla). The integration of the expression for 
Xraa, is also obtained graphically by taking the area 
under the curve | (r tanf). Corresponding values of 








rand yaeg, finally give the blade form s” in the hori- 
zontal plane. 
Example 2. The blading of a blower impeller, 
shown in Fig. 3, running at n = 1450 rpm, is to be 
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Fig. 4. Velocity triangles for blower impeller of Fig. 3. 
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Fig.5. Curves and graphical integrations used in example 2. 








TaBLe II designed to take a volume V = 
Poi 10,000 m*/hr at the inlet, the outlet 
‘oint 1 —_ _ — _ 2 . 
| angle being 8, = 90°. , 
s’ [mm] 0 25 50 75 100 126-8 Owing to the small and practically 
caPlmisey | $30 Sg SST Sage | Sas go constant angle #5 we can. in this 
ky Po 0:775 0-812 0-849 0-886 0-923 0-962 case, dispense with the plotting of 
cm “_ sec] 4: 33 4 7: = 412 3-72 3-32 2:92 the flow pattern, and assume that, 
cm [sec/m : 02424 0: 2688 0-3012 0-3422 i i 
Six [sec] 0 0:005510 | 0:011326  0-017706 9-024834 0-033474 12 the impeller flow passage, the 
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an Ce as 2 2590 Ms 2905 19-3166 0:3560 0.4370 0-7060 is simply a straight line connecting 
B deg. .. oF : 6: te 20 25-9 45-0 i i 
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For simplicity, k, has been assumed to increase linearly 
from point 1 to point 2 along the mean line s’; the 
exact determination would require tedious checking, 
and the error involved is insignificant. The graphical 
evaluation of Table II is shown in Fig. 2. After 
calculating up to 1/c,, in Table II, the curve of 1/c,, 
Over s’ is integrated graphically, by measuring the area 
under the curve, to obtain S,,. The value of &,, can 
then be calculated from eq. (10a), since the initial and 
end values of w are known: 


ky, = (414 — 17:56) /0:033474 — — 401. 
The remaining values of w are then obtained by means 
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although strictly speaking they are 
curved lines perpendicular to the 
streamlines. The angle # can thus be determined from 
tan # = 0°5 (6, — b,)/0°5 (d, — d.) = 30/480 = 0°0625, 
or # = 3°6°, and cos # = 0°998. 

AS: 65/0 cos #, the difference between the two 
velocities can be neglected in the present case. Catcul- 
ating with an average contraction factor of 0°97 to 
allow for the finite blade thickness, we obtain 

V ‘(0:97 =< 2nrb) 2°78 /(0'97 » 2nrb) 
0°456 /(rb) Ke ze Ge 


The compressibility of the working medium, that is, 


c, Cm 
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the variation of V, will also be neglected as usual. It 
can be taken into account at a later stage, as will be 
explained subsequently. Thus 

Cea cba 0°456 (0°28 0:08) 20:35 [m ‘sec] 
Cme &. Cre = 0°456/(0°52 » 0°05) = 17°5 [m/sec]. 

In this case the velocity diagrams at the impeller inlet 


and outlet both are right-angled triangles (see Fig. 4). 
Since the peripheral velocity is 


u amnD 60 7 1450 D ‘60 70: D, 
we have 

u, = 76 » 0°56 = 42°5 [m/sec], 

uy ~ 76 ~ 1:04 = 79:0 [m/sec], 

W, = V Cm? — uy? = 47:2 [m/sec], and 

Ws = Cue = 17:5 [m/sec]: 
Table III gives details of the calculation, and the corre- 
sponding curves are shown in Fig. 5. The second 


column gives the rotor widths b which decrease linearly 
along the rotor radius r. 





Tasie III 
r [m] +: iia 0-28 0:36 0-44 0:52 
6 [m] Ae 0-08 0:07 0:06 0:05 
cr [m/sec] .. -. | arses 18°15 17-30 17-50 
1 cy [sec'm].. in 0:0492 0:-0551 0:0579 0:0571 
R [sec] i 54 0 0:00419 0-00873 0:01336 
w[misec] .. - ae? 37-9 27°8 17°5 
sin f.. < Ae 0-430 0:477 0-620 1-000 
tan 8 ra i 0-477 0:543 0-791 © 
1 (rtan8)(m=']_.. 7-46 5:12 2:88 0 
X [rad.] rs Be 0 0-504 0-824 0-940 
X [deg.] he Bis 0 28:8 47-1 53°8 





sar 
The integral R | —- is obtained graphically, ard 
C, 
enables determination of the value of &,, in conjunction 
with eq. (10b): 
Ry = (Wy — W,)/Ry2.=(17'5 — 47:2) /0'01336 = — 2225. 
Furthermore, the value of w is determined from eq. 
(11b), and sin 8 and x (deg.) are derived from eqs. (12b) 
and (16b), assuming cos # ~- 1. From corresponding 
values of x (deg.) and r taken from Fig. 5, the blade 
contour in the horizontal plane is constructed as shown 
in Fig. 3. As 10 blades on the outer 
periphery would give rather large dis- 
tances between the blades, 10 further 
blades similar in shape to the main 
blades, are added; these auxiliary 
blades, however, begin only at a 
radius r = 350 mm. 

For rotors of high-pressure com- 
pressors, in which the effect of com- 
pressibility cannot be neglected, the 
treatment can be as follows:—Two 
blade contours are constructed, one 
for the inlet volume entering the blade, 
and the other for the outlet volume 
leaving the impeller. The outlet volume 
is determined by means of a tem- 
perature /entropy diagram. The actual 
blade form is then obtained by drawing 
a suitable transition from the first blade 











checked by first plotting the mean streamline s’ 
of the fiow pattern, and then determining the 
true length of s from s’ and from the projection 
s” in the horizontal plane. This is achieved, for 
instance, by drawing s” as a straight line (see Fig. 6), 
plotting the distances e between s’ and a radius to the 
corresponding points of s’’, perpendicular to these, and 
connecting the end points of these perpendiculars. 
This curved connecting line has the length s which is 
being sought. The angle 3, and the angle 8, in the 
horizontal plane, are taken from the drawing; c¢,, is 
determined from the flow pattern. Then 


tan 8 — tan B,/cos # 


and from eq. (12a) 
w = c,,/sin B. 


The more closely the curve w = w(s) coincides withthe 
previously constructed nearly straight line connecting 
its end points, the better is the blade design. 

The blade based on a single circular arc is determined 
by r1, 2, 8, and f,, and rarely gives even a moderately 
favourable w-pattern. 

Blades consisting of 2 circular arcs for the same 
number of given parameters can be drawn in a double 
infinity of ways, since both the enveloping angle x 
and the ratio p,/p, of the two radii of curvature can be 
arbitrarily chosen. In practice, there are certain limits 
to the possible values for the variables ; they still include, 
however, designs of very different quality. In any 
case a kink in the w-line at the transition point from 
p, tO pp remains unavoidable. 

Frequently, the blade design in the horizontal plane 
is begun by using the angle f, instead of the correct 
angle 8,,, which is somewhat smaller. In practice, this 
error in reasoning often leads to favourable results, as 
it increases the width of the inlet (measured perpendicu- 
larly to the streamlines) which is otherwise too small; 
this produces a more favourable result, which is more 
important than using the correct angle £,,. 

The evolute contour, which is sometimes recom- 
mended for the inlet end of the blade, leads to a most 
inefficient w-rise with the usual impeller designs which 
have a width decreasing from the centre outwards. 
This defect is reduced to some extent by the er- 
roneous use of 8, instead of 8,, as already mentioned. 

A method somewhat similar to that described above 
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contour to the second. 


DESIGN CRITERIA 


Some criteria will now be given for 
the comparison of different blade de- 
signs. The decisive feature of any 
blade shape is the course of w as a 
function of s. Thus, if a blade con- 
tour is already built or laid out 
on the drawing board, it can be 
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Fig. 6. Determination of the true mean length s of the impeller flow passage 
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has been developed by Pfleiderer for a point-by-point 
calculation of the blade form [3]. In Pfleiderer’s 
method, however, the shape of the w-curve is an arbi- 
trarily assumed function of r. In view of the complete 
lack of data on the physical characteristics of the flow, 
the plausible assumption is made that w decreases 
linearly along the radius r. This, however, leads to 
certain deviations from the constant value for decelera- 


[3] PFLEIDERER: Kreiselpumpen, 2nd ed., pp. 90 et seq., Springer, 
Berlin. 








tion. Nevertheless, this method makes it possible to 
avoid the occurrence of maximum and minimum values 
for the relative velocity between the two extremities of 
the blade, so that limits to the fluctuation of deceleration 
can be determined for rotors, provided that the w-drop 
is not too great. 

The advantage of the method indicated in the present 
article is that it eliminates these uncertainties, since it is 
mainly based on physical and not on mathematical 
considerations. A check of the shape of the w-curve is, 
of course, unnecessary with this method. 


Voltage Stabilization by means of Barium Titanate 
Capacitors 
By G. I. SkaNnavi and M. D. NEUMAN. (From Elektrichestvo, No. 7, 1949, pp. 43-46, 9 illustrations.) 


PREVIOUS investigations by B. M. Vul and I. M. Gold- 
man have shown that barium titanate has qualities 
characteristic of potassium sodium tartrate dielectrics. 
Capacitors with a barium titanate dielectric are non- 
linear, i.e., their capacitances are dependent upon the 
applied voltage and such capacitors can be used for a 
number of purposes. Frequency multipliers according 
to V. P. Vologdin and other investigators are based on 
the use of non-linear capacitors. The same applies to 
frequency modulators and frequency converters. 

The authors investigated the possibility of using 
these capacitors for voltage stabilization. An a.c. 
voltage U applied to two capacitors in series, namely, 
a linear capacitor C, (mica) and a non-linear capacitor 
C, (barium titanate), is divided into two voltages U, 
and U, across both capacitors in inverse proportion to 
their capacitances (Fig. 1). The capacitance C, in- 
creases with increasing applied voltage U,. An increase 
in the input voltage U increases U, at C,, the capacitance 
of which grows. The relative increase of U, at C, is 
therefore, smaller by UC,/(C, C,) than the relative 
increase of U. 


ae ae 


ee see 


Fig. 1. Basic diagram of voltage stabilization. A linear 
capacitor C, in series with a non-linear capacitor C2. 





To solve the problem in question, it was essential to 
determine the material best suited for the non-linear 
capacitor C,, which should be compatible with the 
highest dependency of the dielectric permittivity « on 
the voltage and the technical requirements. Pure 
barium titanate has quite a high firing temperature. 
This temperature can be lowered by introducing 
additional substances into barium titanate, but these 
substances entail changes in « f(U). Fig. 2 shows 
e as a function of the dielectric stress E in kV cm for 
barium titanate with and without additions. An in- 
crease in additional substances lowers the initial value 
of « and shifts the peak of the curves towards lower 
voltages. In this connection, the non-linearity is more 
Pronounced at lower voltages in samples containing 
additions. The reason for this behaviour seems to be 
that the additional substances introduced render the 
crystalline grid ‘‘ softer,’ the degree of adhesion of 
some of the grid ions being lowered, so that the effect of 
non-linearity and saturation is shifted in the direction 
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of lower voltages. The experiments were carried out 
with capacitors containing additions of 1°5 per cent. 
It was found that the circuit in Fig. 1 was not 
suitable for achieving practical advantages. It does 
not provide sufficient stabilization of U,, even at no- 
load. At load, the capacitance C, influences the 
voltage distribution and introduces a further deteriora- 
tion of the stabilization. The capacitance and loss 
angles of the capacitors used are shown in the curves 
of Fig. 3 as functions of U. Applying the equation 
q q 
jee ogee ge 


eS. & 


and considering the relation C, 
by experiment, the expression 


- GQ+C,)? C,U 20+C, 
4k? 


Cy k U, obtained 


tele iw annceeselitins’ 5, Si 
k 2k 


will be obtained, where 
q represents the electric charge, and 
k the factor of non-linearity. 
Differentiating eq. (1) with respect to U, we obtain 
dU, C; 
»o— 2 (2) 
dU \(2C, ~ C,)? + 4, kU 
An increase of k decreases 7; in other words, the 
higher the factor of non-linearity, the better will be 
the stabilization. It is convenient to express the non- 
linearity of a capacitor by the ratio of the relative in- 
crease of the capacitance to the change of voltage: 
k 
[ay ees 
C, 
It was established experimentally that k’ is constant 
within a wide range of voltages. It follows from eq. (2) 
that 





CA— 97 (2C,  C,)? 
k’ es (3) 
4¢, U7 ¢, 

At C, Cy 10? puF and k’ 0:05 Volts, 7 
becomes 0°1. The capacitors used in the experiments 
had k’ 0:0066 Volts', i.e., they were about ten 
times smaller. This is the reason why the circuit of 
Fig. 1 could not produce sufficient stabilization, even 
at no-load. 

The voltages across both capacitors C, and C, are 
shown in the curves in Fig. 4 as functions of the input 
voltage U. A closer inspection of these curves reveals 
that it might be of more advantage to use the voltage 
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difference U, — U, = 4U as a stabilized voltage, 
because this difference changes but little at a certain 
ratio of both capacitances within some voltage range. 
This led to the idea of making use in the following 
investigations of the circuit represented in Fig. 5. 
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Fig. 2. Dielectric permittivity of barium titanate as a func- 


tion of the dielectric stress 
Curve 1—pure barium titanate, curves 2 and 3—with additions of 
0-5 and 1-5 per cent respectively. 
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Fig. 3. Capacitance and loss-angle of a barium titanate 


capacitor as functions of the voltage. 
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Fig. 4. Voltages across the capacitors C; and C2 as functions 


of the input voltage. 
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The voltage in the diagonal of this bridge is equal to in 

the difference between the voltages of the bridge arms will 

AU. 

The most suitable ratio C,/C, was determined by due 
a series of tests, the results of which are shown in Fig. 6. out 
The dielectric losses in barium titanate capacitors 

are considerably higher than those in capacitors of q* 1 

mica or paper (linear), and the voltage vectors U, and 

U, in Fig. 1 are, therefore, shifted in phase. The 

active resistance R, in the bridge, Fig. 5, is designed 
Th 
ap] 
zat 
red 
ob 
is 
wi 
tak 
of 
fol 

Fig. 5. Basic diagram of a dielectric stabilizer. 

C,—linear capacitor, 

C2—non-linear capacitor. 4 
for partial compensation of this shift, because full com- ” 
pensation proved to be less favourable from the point 2c 
of view of stabilization. The influence of R, in series 
with C, on the voltage in the diagonal of the bridge 16 
can be seen from the curves in Fig. 7. 12 

It will be realised that in case of full compensation ; 
(20,+C,)? 4C,U ; 
U,— U, 
R k 
2C, + C, 
— ——_ -— U ... = (4) 
k 
Fi 
The curve 5 is calculated by this formula and this 
curve coincides sufficiently well with the curve experi- R 
mentally obtained at R, 5 comp. (curve 4), where the 
vectors U, and U, are only slightly shifted relative to 
each other. 
Thus, it was established that by an appropriate 
choice of both the ratio C, C, and the resistance R, 
Au[voits] | aS ae as ee ee | 
' | i | 3 
ci! MS tall Gas TE Se GS a 2 — 
! | eee sk 
240 aes aes cae © TE 
ot 1 5 | 
ae. cl 
F 
V 
| 
ae | 
t + sat | 
| 
"1000 \ 
u[Voits] ‘ 


Fig. 6. 
voltage U 






Voltage difference JU as a function of the input 





at different values of the linear capacitance C\. 
0-23 uF ; 
0°16 nF; 
0-10 pF. 


0-45 uF ; curve 2 
0:20 uF ; curve 4 
0-13 4F ; curve6 


C; in curve 1 
curve 3 
curve 5 
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in the circuit in Fig. 5, quite sufficient stabilization 
will be obtained for practical purposes. 

The full calculation of the circuit in Fig. 5, with 
due consideration to the non-linearity, can be carried 
out by solving the following differential equation : 


g® R® — 3UR' @ sin wt + 3RU? gq sin? wt 
4 RC, : q E.U 


eet Eo aa U* sin® wt + 
k8 ks 2 k8 





sin? wt — 0 (5) 


This equation can be solved by the method of successive 
approximations. 

The value of the scheme in Fig. 5 is that the stabili- 
zation is not affected by the load, as can be 
realised from the curves in Fig. 8. The output 
obtained with the above-mentioned parameters 
is not conspicuous, but it can be increased 
without difficulty. If the non-linearity is not 
taken into account, the output in the diagonal 
of the bridge can be assessed by using the 
following approximative formula :— 


AU[voits]) * | 1 aes ae ee a SS 
240 ; 
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Fig. 7. Influence of the load resistance R; on the relation of 
the voltage difference 4U to the input voltage U. 


R in curve 1 0; curve 2 l comp.; curve 3 2 comp. ; 
curve 4 5 comp. ; curve 5 calculated curve. 
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Fig. 8. Voltage difference 4U as a function of the input 
voltage U at Ri 0 and of different load resistances R. 


R in curve 1 © ; curve 2 30 comp. ; curve 3 20 comp. 


P Ae th 
[2 2, 22 -- R(z, -+ 2a)]? 


where z, and 2, represent the impedances of the arms, 
and R is the resistance of the load. 

It follows that the output is a function of both the 
load R at constant input voltages and the impedances 
of the arms. In a purely capacitive bridge, the im- 
impedances are:— 2, = 1/(wC,) and z, = 1/(wC,) and 
the maximum output of 
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Fig. 9. 








U?w (C,—C." 





Pax ee os (7) 
8 Cc, + CG, 
will be obtained at a load resistance of 
2a 
w (C, T C.) 


Formula (7) shows that the output increases in the 
same ratio as C, and C, are being increased. The 
ratio C,/C, must be so chosen as to obtain sufficient 
stabilization. The non-linear capacitance of the 
barium titanate capacitor introduces distortion in the 
shape of the voltage curve, just as does any other non- 





@) 


Oscillograms of output voltage of stabilizers under service 
conditions. 


Ferro-resonance stabilizers :—(a) U.S.S.R. Type EPA-15; 
(b) U.S.A. Type 162-A.; (c) German Type Siemens ESrg 1. 
Dielectric stabilizers :—(d) Ri 


2 comp. ; (e) Ri 5 comp. 


linear element of the circuit. The voltage curve can 
be analytically determined by solving the differential 
equation (5). 

Fig. 9 shows oscillograms of the output voltage 
obtained with ferro-resonance stabilizers of different 
systems and with the dielectric stabilizer described 
above. It can be seen that the distortion of the sinu- 
soidal voltage curve of the latter is not worse than 
that cf the stabilizer first mentioned. At lower voltages, 
the dielectrically stabilized output voltage is con- 
siderably less distorted (curve 4, Fig. 7). The design 
and preparation of the first sample have shown that 
such a dielectric stabilizer of 50 watt output has approxi- 
mately the same sizes as a terro-resonance stabilizer, 
whereas its efficiency, which depends basically on the 
efficiency of the transformer, is higher. The losses 
are mainly due to the losses in the barium titanate 
dielectric. At tan 3 0:04, the efficiency is nearly 
100 per cent and the efficiency of the transformer is 
about 98 per cent. 





: SUourput dU input 4 

Expressing £ — as the coeffi- 
Uoutput Uinput 

cient of stabilization, the following table contains é 


for three ferro-resonance stabilizers and the dielectric 
stabilizer. 





Type of Stabilizer Coeff. of Stabilization 





EPA-15 (U.S.S.R.) c. os 0-000 
162-A (U.S.A.)_.. re “ 0-068 
Siemens ESrg ! (Germany) nae 0-110 
Dielectric Stabilizer (U.S.S.R.) .. 0-058 





.These data show that the U.S.S.R. ferro-resonance 
stabilizer produces the best stabilization, and that as 
far as the quality of stabilization is concerned, the 
dielectric stabilizer is just as good as the American 
and German stabilizers. 

In comparison with the ferro-resonance stabilizers, 
the dielectric stabilizer has the advantage of being 
aperiodic, so that it is not sensitive to frequency fluctua- 
tions. Its manufacture is simple. The field of appli- 
cation of stabilizers is wide (stabilization of low-power 
systems, and of the input voltage of measuring instru- 
ments). The dielectric stabilizer can also be applied 
to higher frequencies, because the non-linearity is 
maintained in a wide frequency range. 
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A Diesel-Electro-Mechanical Drive for Traction Purposes 


By V. Kuima. (From Elektrotechnicky Obzor, Vol. 38, No. 19, October, 1949, pp. 489-496, 13 illustrations.) 


GENERAL 


SHORTLY before the War, the Czechoslovak Railways 
put into service two high-speed motor coaches with a 
power transmission of a rather unconventional design, 
one axle of the motor bogie being driven mechanically 
through the generator, acting, as it were, as a magnetic 
clutch, and the other being driven electrically. Since 
then, this drive has been further developed and, at 
present, a three-unit train with two motor coaches 
incorporating this electro-mechanical drive is being 
built. In the following, this power transmission 
system is described and compared with the conventional 
diesel-electric drive. 


The latter consists essentially of a diesel engine, a 
d.c. generator and a d.c. traction motor, as shown in 
Fig. 1. Although the equipment used in this arrange- 
ment is much heavier and more complicated than the 
equipment necessary for a purely mechanical trans- 
mission, which can also be used, the former system 
has been generally adopted for a number of well known 
reasons. In this connection, a brief survey of the 
essential points in dimensioning a conventional diesel- 
electric drive may be useful to enable a comparison to 
be made between this and the diesel-electro-mechanical 
drive subsequently described. 


A diesel engine operates most efficiently when de- 
veloping a constant torque at a constant speed, and it is, 
therefore, essential that it should operate under such 
conditions, despite the considerably varying conditions 
of speed and load which occur in railway service. The 
generator usually feeds a series traction motor, the 
speed of which is proportional to the square of the 
voltage applied. In the case of the conventional 
diesel-electric drive, it is, therefore, necessary to regu- 
late the square of the voltage so that it is always pro- 
portional to the desired speed. Consequently, the 
current varies in such a manner that its square is in- 
versely proportional to this speed. As regards the 
capacity of the generator which is necessary to transmit 
the power of the diesel engine, the following points 
must be considered. The generator must be able to 
provide a sufficiently high maximum voltage so that 
the maximum speed of the vehicle can also be reached 
at a low current; on the other hand, it must provide a 
certain maximum current at a lower voltage such as 
occurs when the speed of the vehicle is reduced. If 
both these conditions are to be met permanently, the 
generator as well as the motor must be able to withstand 
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Fig. 1. Schematic diagram of the conventional diesel- 
electric drive. 
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maximum voltage and maximum current in continuous 
operation without exceeding the temperature limits 
laid down by the national standards. The generator 
must, therefore, be dimensioned for maximum voltage 
as well as for maximum current, which means that its 
rated capacity is determined not only by the capacity 
of the diesel engine but also by the speed range of the 
vehicle within which it is desired to utilize the continuous 
capacity of the diesel engine. 


If N,, E,, 7, are output, voltage and current at a 
maximum continuous speed m,, and N,, E,, J, the 
corresponding figures for a maximum continuous 
speed n,, then 


E,? Ny Ny 
—-—, or B£, E, — 
£,? ny n; 


The rated output of generator and motor must, 
therefore, be 


ny Ny 
Nratea y i E, if iE, ——— N, ——. 


ny n 


This means that if a series motor is used, the genera- 
tor must be designed for a capacity equal to the product 
of the maximum continuous capacity of the diesel engine 
and the square root of the ratio of the maximum and 
minimum speeds to be obtained without shunting. 

For example, if the required maximum speed without 
shunting is 100 km/h (62 mph) and the minimum con- 
tinuous speed 50 km/h, the square root of the ratio of 
these two speeds is 1°41 and the rated capacity of the 
generator must be chosen 41 per cent higher than the 
capacity of the diesel engine. If the speed range to 
be covered without shunting is 35 km/h to 140 km/h, 
the rated capacity of the generator must be twice the 
capacity of the diesel engine. 

The motor of a diesel-electric drive must be designed 
for the capacity of the generator and for the lowest 
traction speed, as conditions become more favourable 
at higher speeds when both current and magnetic field 
strength decrease. 


THE DIESEL-ELECTRO-MECHANICAL DRIVE 


Here, the diesel engine drives the stator of a d.c. 
generator, the armature of which is mechanically 
coupled to one of two driving axles, while the armature 
winding is electrically connected to the rotor winding 
of the traction motor, this motor driving the second 
axle (Fig. 2). Both field windings are fully excited. 
In this manner, the generator acts similarly to a magnetic 

















Fig. 2. Schematic diagram of the diesel-electro-mechanical 
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clutch, with the difference that the slip energy is not 
being wasted, but is transmitted to, and utilised in, 
the traction motor. It is obvious that the electrical 
output obtained from the armature of the generator is 
the difference between the output of the diesel engine 
and the mechanical output transmitted through the 
generator to its associated driving axle. 


Net Na — Nmec h- 


As the torques of the diesel engine and the generator 
are equal, 
Ny — ny 
Ma uv, Or 
Na 


Nei Na 5; and 1) a Na (1 _ S)5 


5 being the slip of the generator. This agrees with the 
electrical conditions, the electrical output being 


Nev Ma (na — nr) 
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Fig. 3. Energy flow diagram for the diesel-electro-mechani- 
cal drive at 50 per cent of the synchronous speed. 
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Ne = Eyl s;, 


where E, is the voltage induced in the rotor when it is 
at a standstill, and J the rotor current. 


Consequently, at a slip of s = 1, the whole output 
of the diesel engine is transformed into electrical energy 
E, I. At 50 per cent slip the speed of the generator 
armature is 50 per cent of that of the diesel engine and 
the mechanical power transmitted equals 50 per cent 
of that at the shaft of the diesel engine, the remaining 
50 per cent being transformed into electrical energy 
and utilised in the traction motor. When the slip is 
s 0, the entire output of the diesel engine is trans- 
mitted to the axle driven by the armature of the genera- 
tor, and the slip output is zero. Obviously, to reach 
and maintain this state of synchronism, a current must 
be kept flowing in the armature; as, however, no voltage 
is induced in the rotor when there is no slip, the necessary 
current must be supplied from an outside source; in 
this case, this is the traction motor, which must, there- 
fore, cease to operate as such and must become a 
generator driven by the axle of a vehicle similarly to a 
lighting dynamo. To achieve this, the excitation of 
the motor is reversed, and thus a current can be main- 
tained through the rotor of the generator even at syn- 
chronous speed. Over-synchronous speeds can be 
obtained by still further increasing the reverse excita- 
tion of the motor. This results in a higher current 
flowing through both rotors, thereby producing an 
increased torque, which, in turn, leads to a higher 
speed, i.e., to a negative slip. Apparently, at over- 
synchronous speeds, the generator rotor transmits to 
the driving axle an output higher than that produced 
by the diesel engine. This is true insofar as the 
‘surplus ” éi@fgy is transmitted only mechanically— 
through both driving axles being coupled mechanically 
over the rails—from the generator armature to the 
rotor of the motor, where it is transformed into electrical 
energy and, due to the negative excitation, fed back as 
such into the generator. Figures 3 and 4 show the 
energy flow diagrams for operation of the drive at 50 
per cent and 130 per cent of the synchronous speed, 
respectively. It is interesting that in the first case, 
87:2 per cent of the mechanical output of the diesel 
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engine is transmitted to the driving wheels. In the 
second case, the generator armature transmits to the 
rail 125°6 per cent of the output of the diesel engine; 
of this, 37:1 per cent is recuperated from the rail in 
the traction motor, which now operates as a generator, 
and this amount minus the motor losses of 3°5 per cent 
is transmitted back to the generator as electrical energy. 
The total losses in this case amount to 8°] per cent 
(Fig. 4). 


The main advantage of this type of drive lies in the 
fact that the rated capacity of the generator need only 
be equal to the capacity of the diesel engine, while the 
traction motor proper can be relatively small, even if 
operation at speeds below and above the synchronous 
is desired. For instance, in the example described, 
this would be 50 per cent and 40 per cent respectively, 
of the capacity of the diesel engine. Both the generator 
and the motor are, therefore, much lighter in weight 
than those required for a conventional drive having 
similar characteristics. In addition, a higher efficiency 
is obtained, which, in the examples described, reaches 
a maximum of 88 per cent (see Fig. 5), compared with 
81 per cent for a corresponding conventional drive. 


LOADING CONTROL OF THE DIESEL- 
ELECTRO-MECHANICAL DRIVE 


The loading control of this transmission system is 
fully automatic. The generator is excited by its own 
exciter; the series traction motor is provided with an 
additional excitation from an exciter of special design. 
This machine of small remanence, called Labilodyne, 
has three field windings: an indirect series excitation, 
proportional to the main current: an inverse excitation 
from the exciter of the main generator; and a quick- 
response shunt self-excitation. The purpose of this 
machine is to vary the excitation of the traction motor 
automatically between a given positive and a given 
negative limit, so as to keep the main current at a pre- 
determined value. 


By maintaining current and magnetic flux in the 
generator constant, the torque is also kept constant; as, 
in addition, the generator is excited by its own quick- 
response exciter, the speed of the diesel engine also 
remains practically constant, so that the two conditions 
required for the efficient operation of a diesel engine, 
namely, constant torque and constant speed, are en- 
sured. 
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Fig. 5. Efficiency of the diesel-electro-mechanical drive of 

a three-unit train with two diesel engines of 410 hp capacity 

each. Synchronous speed 100 km/h, max. service speed 130 
km h. 
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The transition from the sub-synchronous to the 
over-synchronous condition is automatic and does not 
require the attention of the driver. It is possible, 
therefore, to operate several units by multiple control, 
and the three-coach units now being built employ, in 
fact, multiple control for the two motor coaches. : 


The outstanding points in the design of the generator 
are as follows:—the stator runs in two roller bearings 
mounted in a silumin frame: current is fed to both 
stator and armature through slip-rings: the armature 
is of the drum type, but it has a radial type commu- 
tator, onto which the rotating brushes are pressed in 
an axial direction; the armature is hollow and the 
universal joint connecting it to the shaft is placed inside 
it; an electro-magnetically operated friction clutch 
between the diesel engine and the shaft of the universal 
joint, so designed that automatic clutching -can take 
place only under conditions of absolute synchronism, 
makes it possible to run with a purely mechanical trans- 
mission between diesel engine and driving axle at an 
efficiency of 95 per cent; this clutch is actuated either 
automatically when appropriate, or by the driver. It 
was possible to design this clutch with metal friction 
discs so that its size and weight are very small, the 
latter being about 66 lb ;_ the clutch, however, need 
not be used in service. Automatic operation of the 
clutch is supervised by a synchronisation control arrange- 
ment which is located inside the shaft; the exciters of 
the generator and motor, and a dynamo for battery 
charging, are mounted on the generator; the latter 
also serves as a starter for the diesel engine. 

From the designer’s point of view, an added ad- 
vantage of this drive was that the generator could be 
designed for a large number of poles and for the maxi- 
mum voltage occurring at stundstill, as, in practice, the 
voltage corresponding to the slip under ordinary trac- 
tion conditions is only about 50 per cent of the maxi- 
mum. Due to the high voltage at standstill, the current 
in this condition is very low, so that—despite the fact 
that the whole generator was built around a relatively 
large tube, in which it was possible to place a large 
universal joint—a radial type commutator with a small 
number of carbon brushes could be used. As a result 
of the comparatively low relative speed between rotating 
stator and rotating armature, both the commutating 
voltage and the voltage between the segments are very 
small, and, consequently, satisfactory commutation 
and a small amount of wear of the carbon brushes are 
expected in service. The generator, designed for a 
transmission of 140 hp, weighs 1200 kg, (2640 lb) and 
the exciters 170 kg. 

The traction motor has six poles and is designed 
with a cylindrical frame and for nose suspension. Due 
to a specially designed mounting of the driving wheels, 
it was possible to use roller bearings for suspending the 
motor. To reduce eddy current losses in the series 
and shunt field coils, stranded conductors were used. 
The gears are of the herringbone type and the pinion 
is supported by two bearings to reduce wear and noise. 
The box enclosing the gears is made of silumin. The 
weight of the motor, including suspension bearing, 
gears and gear cover, is 920 kg. The weight per hp 
of the motor is 6 kg (13 lb), and if the transmission is 
included, 7 kg, which is a very low figure. 


An additional advantage of this drive is that each 
traction bogie forms a self-contained unit with short 
connecting cables. For repairs, such a bogie can easily 
be removed and, in fact, a complete spare bogie has 
been ordered, so that during repairs or overhauls the 
train can be kept in service. 


The only disadvantage of this system is that the 
two driving axles are not equally utilised. This, how- 
ever, is more than compensated for by the other ad- 
vantages gained, this being even more so as the limit of 
adhesion of the main axle is far from being reached. 
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Installation and Maintenance of Pyrometers for the Heat 
Treatment Shop 


By G. OESTEREICH. (From Werkstatt und Betrieb, Vol. 82, No. 10, October 1949, pp. 367-369, 3 illustrations.) 


THE need for accurate measurement of temperatures 
in heat treatment furnaces has led to the general use of 
thermal pyrometers, usually in their simplest form as 
thermo-couples with directly connected voltmeters, but 
sometimes also in connection with automatic installa- 
tions. These instruments require careful and regular 
maintenance and recalibration if measurements are to 
be reliable and reasonably accurate (to within +: 5 to 
10° C). Faults always act in the direction of lower 
temperature indications and, thus, are additive. They 
can be prevented if the following simple rules are 
carefully observed. 


The thermo-couple. 

Fig. 1 shows the details of a thermo-electric pyro- 
meter, the thermo-couple, the compensating connection 
and the voltmeter. Two wires of different metals are 
arranged within the protection tubes of the thermo- 
couple, their common ends being welded or soldered 
together at the hot junction, the opposite ends being 
brought out at the terminal head. The following wire 
materials are used : 





Copper flex 


Fig. 1. Thermo-electric pyrometer. 
a-Insulating tube; 6 gas-tight inner protection tube ; c~ outer 


protection tube ; ot junction of couple; e compensating 
wires ; f=terminal head ; g=cold junction. 


(1) For measurements up to 600° C, }-in. constantan 
wires (55 Cu/45 Ni) joined to iron wires or iron 
protection tubes, 

(2) up to 1100° C, {-in. chromel wire (89 Ni, 9-8 Cr, 
1:0 Fe, 0:2 Mn) joined to alumel wire (94 Ni, 
2:0 Al, 1:0 Si, 0-5 Fe, 2-5 Mn), 

(3) up to 1400° C, 0-02-in. diameter platinum wire 


joined to platinum-rhodium wire (90 Pt, 10 Rh). 
The last mentioned couple is only used for high tem- 
peratures and where extreme accuracy is required. 

The compensating wires, usually of 1:55 mm 
(0-0025 sq in.) cross-section, are directly connected to 
the couple wires and consist of cheaper low-resistance 
alloys so chosen that up to 200° C their thermo-voltage 
'$ equal to that of the couple. They must, therefore, 
not be heated above 200° C and should be marked 
according to the type of thermo- -couple to which they 
belong. They represent an extension of the couple 
wires and enable the cold junction to be placed at a 
suitable, uniformly cold, spot. For very accurate 
measurements, the cold junction is placed in a thermo- 
Stat container kept at 50° C or in a receiver filled with 
melting ice. Copper wires of at least 1 mm? (0-0016 
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sq in.) cross-section then connect the cold junction 
with the voltmeter. For normal accuracy, the cold 
junction may be kept at room temperature at a point far 
enough from the furnace and not directly exposed to heat 
radiation or large temperature fluctuations, or it may be 
cooled in a constant stream of compressed air. Small 
fluctuations in room temperature can then be detected 
by a mercury thermometer and the thermo-couple 
reading corrected by simple calculation as follows : 
If the calibration temperature of the thermo-couple be 
20° C and the actual room temperature at the cold 
junction be 25° C during reading, the difference between 
the two temperatures, i.e., 5° C, is to be added to the 
reading of an iron-constantan or chromel-alumel couple, 
but only half the difference is to be added to the reading 
of a platinum thermo-couple. 

When compensating and connection wires are 
installed, care must be taken that the connections can be 
kept clean, and that the wires are protected from humidity 
and do not cross, or lead along, other a.c. cables, as 
induced stray currents might otherwise falsify readings. 
Thermo-couple wires for heat treatment furnaces are 
usually arranged inside an inner gas-tight protection 
tube of refractory ceramic material. An outer tube 
provides protection against mechanical damage ; nickel- 
chromium alloy steel tubes are used for temperatures 
above 800° C; carbon steel tubes are satisfactory for 
use below this temperature. Damaged protection 
tubes lead to premature destruction of the wires through 
chemical attack by furnace gases or salt bath mixtures, 
and should be replaced as soon as possible. Forced- 
convection air furnaces with automatic temperature 
control requiring quick-acting response are provided 
with unprotected thermo- -couples, since the air hardly 
attacks the thermo-metal wires. 

Thermo-couples only give a few thousand hours of 
service. After a certain time, the thermo-voltage 
deviates from its original value, so that indication 
becomes unreliable. Generally speaking, the couples last 
longer, the lower the service temperature and the better 
the protection against chemical attack and mechanical 
vibrations. A regular check on accuracy is required 
after about every 50 to 100 hours of service. The 
service couple and a special, seldom used, gauge couple 
are then both immersed in a salt or metal bath, and the 
voltage of each is measured by means of one and the 
same voltmeter. Mexsured voltages are compared 
at two or three different temperatures, and if deviations 
exceed, say, 2 per cent, the checked couple should be 
taken out of service. For high-precision indication, 
the permitted deviation should be even smaller. If a 
salt or metal bath is not available, a heat treatment 
furnace can be used. The two couples are then 
inserted in neighbouring openings, their hot ends being 
as near together as possible and at least 4 inches from 
the furnace wall. In this case, as also generally during 
service, the openings should be sealed against the ingress 
of cold air, using, if possible, asbestos or clay packings, 
If the elements are inserted from the furnace ceiling. 
the air circulating inside the tubes would affect readings. 
Horizontal arrangements or insertion through the furnace 
floor are, therefore, preferred. 

The voltmeter. 

Moving-coil millivoltmeters with permanent mag- 
nets (galvanometers) are usually supplied for heat 
treatment shops. They are very sensitive and need 
great care and attention. Careful installation and 
exactly horizontal or vertical positioning are required. 
The instrument must not be exposed to vibrations and 
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should be protected against dust, and the service tem- 
perature should not appreciably deviate from 20° C. 
If necessary, the meter can be cooled by an air stream. 
Inaccurate or faulty instruments should not be tampered 
with, but should be repaired by experts. For a regular 
check on accuracy and possible faults, the following 
methods are recommended. 
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Fig. 2. Circuit diagram of battery box for calibration, 
a_ torch battery of about 4 V; 6 adjustable resistance, 50,000 
Ohm max.; c adjustable resistance, 5000 Ohm max.; d_ ter- 


minals for measuring instrument. 


A precision millivoltmeter with ranges from 0 to 18 
mV and 0 to 60 mV and a current source with a voltage 
adjustable between 0 and 100 mV should be available in 
every hardening shop. The precision instrument can 
be bought on the market, but should be checked from 
time to time against a scientifically correct instrument. 
The terminals should be short-circuited before moving 
the instrument. The current source may be bought or 
fitted together from radio components and a torch 
battery as shown in Fig. 2. The temperature indicator 
should be re-calibrated after installation and before 
being put into service. The supplier usually calibrates 
this instrument for a temperature of 20° C at the cold 
junction and a total wire resistance of couple, compen- 
sating and connection wires of 1:5 to 3 Ohms. Re- 
calibration is always desirable. It is necessary when the 
temperature at the cold junction or the resistance 
deviates appreciably from these values. 




















Fig. 3. Circuit diagram for comparative re-calibration. 
a- battery box (see Fig. 2); 6~ thermo-couple ; c- compensating 
wires; d-connection; e temperature indicator; f-~ control 

millivoltmeter ; g cold junction. 


The regulating screw of the meter may have been 
moved during transport or installation. Simple re- 
adjustment at room temperature would then give no 
guarantee of correct indication at higher temperatures, 
This must be checked by the method shown in Fig. 3, 
which combines all the necessary local control and re- 
calibration requierments and guarantees adequate 
accuracy. The voltage of the current source is adjusted 
until a value corresponding to a given temperature of the 
couple appears on the precision voltmeter f. Values 


TABLE 1. Comparative voltage »alues of the usual thermo-couples 
or a temperature of 20° C at the cold junction. 





Corresponding thermo-voltage in mV 
(read on precision meter f) for thermo- 
couple of type. 


Temperature of 
hot junction (read 
on indicator e) 








Temperature in C Fe-const. Ni-CrNi Pt-PtRh 

20 0:00 0-00 0-00 
100 4-30 3-28 0:54 
200 9-90 7°32 I-33 
300 15-50 11-40 2°22 
400 21°10 15-55 3°15 
500 26:80 19-82 4:12 
600 32:60 24:05 5°13 
700 38-60 28-35 6°16 
800 32:45 cher <: 
900 36-50 8:36 
1000 40-50 9-50 
1100 44-40 10:66 
1200 48-20 11-85 
1300 13-04 
1400 14-25 
1500 15-45 





from Table I should be chosen, and corrected where neces- 
sary according to Table II. If the temperature indi- 
cated on the meter e deviates from this value, the meter e 
should be adjusted by means of the regulating screw. 
The service instrument e can thus be calibrated over the 
whole range of temperatures. After some time of 
service it will become slightly inaccurate and exact 
adjustment will then be possible over a restricted range 
of temperatures only. This exact range should just 
cover the temperatures needed in service. 


TaBLE II. Correction of voltage values of Table 1 for other tem- 
peratures at the cold junction. 





Correction of thermo-voltage 
Temperature of for thermo-couple of type : 


cold junction 





Remarks 
Fe-const. Ni-CrNi Pr-PtRh 











—C. ll... Tae nil nil Use values of 
Table 1 

50 C 1:55 mV 1:22 mV 0-19 mV _ to be deducted 
from values of 
Table 1 

0c 1:05 mV 0:82 mV 0-11 mV_ to be added to 


values of Table 
I, 





It may be necessary to check temperature indications 
during service. A second thermo-couple should then 
be introduced into the furnace and so placed that the 
hot junctions of both couples are as near together as 
possible. The checking couple is to be connected to 
the control millivoltmeter by means of compensating 
wires. If voltage and temperature indications do not 
correspond as shown in Table I (corrected if necessary), 
the service instrument should be taken out of service 
and investigated by the methods described. 
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| PRODUCT DESIGN AND DEVELOPMENT 








Some Aspects of Cabinet Design and Production 


NoT sO many years ago, design and production were 
regarded as two separate functions and exchange of 
ideas between the designer and the production engineer 
was not only discouraged but, in some firms, even 
disapproved. The designer’s concern was to prepare 
drawings of a machine or any other product with only 
one objective in view, namely, that of attaining the high- 
est possible degree of mechanical perfection, perform- 
ance, and durability. The production engineer had 
no option but to carry out the designer’s instructions 
and, under these circumstances, was often forced to 
resort to production processes which were economically 
unsound. The position is, of course, different now, 
the necessity for co-operation between designer and 
production engineer having been recognised as impera- 
tive to a greater or less extent; yet progress in this 
direction is still unsatisfactory in many industries. 

To enlarge on this point, let us consider the pro- 
duction of steel cabinets, this being one of the most 
common examples to demonstrate the advantages that 
can be gained by bearing in mind production problems 
at an early stage in design. Generally, the design of 
a cabinet, whatever its intended use, presents no prob- 
lems of mechanics or strength of materials. The 
factors on which our attention must be focussed here 
are production costs and appearance, and it will be 
our object to show that they are related to each other 
and to give reasons why only a consideration of both 
these factors together can lead to satisfactory results. 
Discussion of an abstract subject such as appearance 
is likely to lead to general disagreement, as, fortunately 
or otherwise, personal tastes will always differ. How- 
ever, we do not wish to enlarge on this subject; suffice 
it to say that in our particular case, the shape of a cabinet 
leaves comparatively little scope for the designer. 
Therefore, in this case, we may well find it possible to 
agree that appearance does not enter into our consider- 
ations as a variable. Let us state then that the ideal 
cabinet is a low-cost unit of which we have already 
assumed that it is of pleasing appearance; also it must 
stand up well in service for a given period. The latter 
two requirements, by themselves, prevent no difficulties; 
it is only when they are required in a low-cost model 
that they may cause embarrassment. This is not 
merely true of mass-produced cabinets, but the same 
problem, although perhaps in a different form, will 
arise in production on a smaller scale. Whereas for 
very large-scale production it may be economical to 
install special- purpose machines designed for one 
particular operation, products for the small and medium 
sized manufacturer must be designed with due regard 
to existing equipment. Therefore, it is essential to 
make a study of the available manufacturing facilities 
before evolving a design. 

Let us try to state the most important points which 
the designer has to keep in mind: he has to design 
around existing plant facilities, and specify low-cost 
materials consistent with rigidity and appearance of 
the cabinet; he has to consider the possibility of sub- 
stitution of different materials in cases where price 
fluctuations suggest the desirability of changing over 
to another material; the same parts should be used for 
different models whenever possible in order to keep 
die investment down to a minimum; the use of pre- 
fabricated structures and standard parts should always 
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be given due consideration, especially when limited 
quantities are required. 

It should be interesting at this juncture to review 
production processes suitable for the manufacture of 
cabinets. Very high production usually justifies the 
use of stampings with attendant high die costs. However, 
when heavy presses are not available, or when the pre- 
paration of expensive dies is not considered economical, 
it will be found that press brake forming will be suitable 
for a wide variety of operations; in fact, it will be 
found that cabinets, even in comparatively large quanti- 
ties, can be produced economically on this type of 
machinery, provided the designer is fully conversant 
with its possibilities and limitations. 

The press brake was originally conceived to obviate 
the limitations and expense of wide-bed presses, and 
today offers a highly versatile and economical means 
of producing parts from sheet and plate which necessi- 
tate a long, narrow, forming bed. 

Although the press brake is both suitable and 
largely used for performing long bending or forming 
operations (Fig. 2*), for which regular presses are not 
adapted, a wide variety of blanking, punching, notching, 
lockseaming, bending, wiring, and similar operations is 
readily accomplished. Generally, the work must be 
such that it can be produced on a long, narrow press 
bed with a relatively short ram stroke. 





hi , 4 


Fig. 1. A modern refrigerator tofp g appearance 
(Frigidaire Ltd.) 


























Fig. 2. Representative group of cross-sections showing the 
general type and range of brake operations. 


Many types of press brakes are now available, some 
being more accurately termed “‘ open-front ”’ presses. 
These range in bed width up to 42 in. and in bed length 
from 6 to 30 ft, some special presses having even 
greater ranges. Press sizes range from small machines 
with a capacity around 20 to 25 tons for light bending 
of 14-gauge sheet up.to 4 ft in length, to machines with 
a capacity around 900 tons for heavy work, but these 
will not be considered here. 

The ram stroke required in the forming of parts 
must be relatively small, generally not more than 6 in. 
Standard brakes, however, are usually made with a 
3 or 4-in. stroke. Simple adjustment provided on the 
ram as well as means for exactly recording such ad- 
justments for duplication make possible the forming 
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of many parts unattainable by any other method. This 
is especially true with work which must rise in front 
of, or behind the dies during forming. Again, work 
is not limited to the machine ram length, inasmuch as 
parts properly designed can be progressed-through in 
stages, when necessary, by virtue of the open construc- 
tion at either end of a press brake. 

A press brake differs considerably from either a 
press or a roll former where tool cost is concerned. 
Some of the factors which have to be considered before 
tooling the latter machines need not be considered 
when designing for the press brake. A few standard 
dies will produce a great variety of parts and are rela- 
tively inexpensive, Fig. 3*. By the use of “‘ air bending,” 
one set of acute-angle bending dies will form angles 
of any degree required, by merely controlling the dis- 
tance to which the punch enters the die opening. 

Standard brakes operate between about 5 and 50 
strokes per minute. Handling of parts, however, de- 
termines the actual production capacity. With smaller 
parts, in some cases with automatic feed, production 
output may average 500 per hour. Multiple opera- 
tions can be used on one machine to achieve 
rapid production, as many as ten separate functions 
being possible. Owing to the simplicity and low cost 
of the tooling on press brakes, trimming, punching, 
forming and similar operations are regularly performed 
in this manner in the production of cabinets, doors, 
tops, frames and panels for refrigerators and like equip- 
ment. This method also offers unusual freedom in the 
way of design improvements, since changes in tooling 
would entail relatively little cost. 

Insofar as design of parts is concerned, few general 
rules can be applied. Press brakes as well as dies for 
performing not only ordinary operations, but also an 
unlimited number of special-purpose operations, are 
extremely flexible. However, a number of normal 
limitations should be borne in mind in order to simplify 
production and achieve low cost of parts:—Work on 
operations to be performed should be such that they 
can be fairly symmetrical under the centreline of the 
ram, i.e., front to rear; material to be employed should 
be normally in sheet or plate form; and design should 
be such that the stroke available on press brakes will 
give proper clearance for easy and rapid handling. 

Design for brake forming should, in most instances, 
avoid the necessity for making any but the simplest, 
shallow draws. Wherever possible, drawing should be 
obviated by using notched corners and welding, by 
adding welded ball corners, etc. Consideration should 
be given to the distances between notches, holes, etc., 
so as to permit of using simple tooling and allow 
single-stroke production. Since these conditions vary 
somewhat according to press size and design, doubtful 
designs should be discussed with the production depart- 
ment prior to completion. 

Certain parts can be designed so as to lend them- 
selves to progressive operations, especially where 
quantity will warrant expenditure on a special die 
arrangement. For example, where two operations are 
planned, these may be formed in double-deck dies in one 
handling. Here it is essential, however, that one 
operation be at the edge of the sheet so that it can be 
performed in the upper die, and the stroke required on 
both forming operations should be such that the press 
stroke will handle the two with reasonable room for 
removal, Fig. 4*. 

A wide variety of punched, blanked, pierced, 
notched, formed, and combination designs can be pro- 
duced on the press brake, see Fig. 5*. Plain holes in 
nominal sizes from 3'5 to 14 in. can be specified in almost 
any arrangement. However, spacing between holes or 
from hole to edge of the sheet should usually be 3 in. 


*Figs. 2, 3, 4 and 5, as well as part of the text, have been taken 
from “ Press Brake Forming,” by Roger W. Bolz, Machine Design, 
June, 1947. 
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Fig. 4. Cross-section of a double-deck die for performing 
two operations. 

or greater, though in certain cases this can be reduced 

to about one thickness of the stock used. 

As usual, consideration must be given to keeping 
tolerances no closer than the method of manufac- 
ture makes practicable. It will be recognized that 
tolerances readily held in economical production on 
the press brake must usually be considerably wider 
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Fig. 8. Edges of the sheet-metal blanks are flanged in five 
operations, employing three pairs of conventional press 
rake dies. 





where length is considerable. Naturally, where short 
parts are produced, say up to 6 ft in length, closer 
tolerances can be held, but are dependent to a great 
extent upon uniformity of gauge, temper, etc. 

Length tolerances on parts with formed ends should 
always be generous. Although plus or minus 0-015 in. 
can be held in some cases where parts are short and of 
light gauge, specification of at least plus or minus 0-030 
in. on small parts, 0-060 in. on medium parts and 0-125 
in. on large parts will afford maximum economy and 
ease of handling. Naturally, tolerance for parts sheared 
to length prior to forming will depend upon the care 
and type of shear used, though here again wide toler- 
ances are conducive to maximum economy. 

One of the most serious problems in bending flanged 
metal sheets to form cabinets is the tendency of the 
flanged metal to wrinkle at the rounded corners of the 
cabinet. By the use of tangent benders, this problem 
has been overcome; this type of equipment, however, 
is not yet extensively used in Great Britain. Many 
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Fig. 6 (left). The versatility of the press brake has been in- 
creased by the use of a tangent bending attachment, which 
permits metal cabinets to vo eae tiaaceed formed on one 
machine. 


Fig. 7 (velow), Outer shell and inner liner for a refrigerator, 
Both parts are flanged and formed on a press brake with 
tangent bending attachment. 





manufacturers have attempted to overcome the prob- 
lem by notching the flanges before bending, and later 
welding the notched flange and, finally, grinding the 
welded area. This, however, is an expensive and time- 
consuming operation. 

While extremely high production might justify the 
cost of special presses, the manufacturer who wants 
to produce up to 200 or 400 units per day can be com- 
pletely tooled for his production at only a fraction of 
the cost. By eliminating the notching, welding and 
grinding, the working time per unit is also greatly re- 
duced. Most significant is the complete elimination 
of wrinkling by use of this equipment. Advantages 
offered by tangent benders have recently been described 
in the journal ‘‘ Design ’!, and interesting illustrations 
of various types of Struthers Wells Tangent Bending 
equipment are given. 

An interesting combination of press brake and tan- 
gent bender, the “‘ Sturdy Bender,” Fig. 6, has recently 
been introduced by the Cyril Bath Co., of Cleveland, 
Ohio. 

Fig. 7 shows the outer shell and inner liner of a 
refrigerator with a production of 200 per day on a 
single Bath press brake equipped with conventional 
flange dies and a tangent bending attachment. Flat 
blanks of 18-gauge cold-rolled steel are used. On one 
edge the blank is bent at an angle of 90 deg. and a stan- 
dard “‘V” die is used, as shown in Fig. 8 and, dia- 
grammatically, in Fig. 9. 

The sharper bending and flattening of the same edge 
is done by changing to dies ‘“‘B” and “ C,” illustra- 
ted in Fig. 9. Die “ D” is then employed to complete 
the triple lock flange on this edge. The same die is 
used to flange the other edge, as shown in sketch “ E” 
in Fig. 9. The insert shown at “ X” is substituted 
for that shown at “‘ Y.” In order to allow for spring- 
back after the bending operation, the second flange is 
bent to an included angle of slightly less than 90 deg. 
Then, after a number of parts has been flanged, the 


1H. V. Doren: Streamlining: Fad or Function? Design, October, 
1949, 


THE ENGINEERS’ DIGEST 








sec 


con 
tan 


DE 





n- 
ne 


rr, 
th 


‘lat 
one 
an- 
lia- 





tangent bending attachment is employed. This is 
mounted on the right-hand end of the press, as shown. 
In order that the press brake may be operated inde- 
pendently of the tangent bender attachment, separate 
controls are provided. Fig. 10 shows the upper die “‘A”’ 
of the tangent bender bolted to the extended ram “ B” 
on the press brake, while the lower die ‘“‘ C ”’ is mounted 
on the bed extension shown in “D.” The flanged 
sheet metal blank slides between the upper ahd lower 
dies while the ram is in its upper position. The blank 
is located from its outer end by means of a gauge, 
provided on a channel arm extended from the front 
of the attachment. The ram is then lowered with a 
foot pedal to grip the work between the dies. In 
order that the work shall be clamped before the ram 
reaches the bottom of its stroke, the lower die ‘‘C” 
is equipped with a spring-actuating pad. An over- 
load protection device is provided, which instantly 
releases the automatic clutch to disengage the flywheel 
in case of an overload. 

The shoe “ E,” in Fig. 10, is a guiding wing held 
horizontally for loading and unloading. It swings 
through a 90 deg. angle to the vertical position shown, 
by means of a gear and rack connected to the piston- 
rod of the air cylinder ‘‘ F ” which can be seen in the 
lower right-hand corner of Fig. 10. The flat surface 
of the wing remains tangent to the metal being formed, 
while the metal is contoured on the lower rear corner 
of die ‘“‘ A.” In the illustration shown, the rounded 
corners are formed with a 3$-in. radius. 

The large roller ““G” contacts the rear surface of 
wing “‘ E,” keeping that wing in constant contact with 
the metal being formed, by the action of the heavy car 
springs ‘‘H.” Spring tension, of course, is adjustable. 
The roller moves upward on the wing as it takes its 
vertical position. In this manner, pressure is con- 
stantly exerted on the wing in line with that section 
of the metal being formed. Buckling is avoided and 
any temporary wrinkles formed are ironed out, since 
the metal being formed is tightly confined between 
the wing and the upper and lower dies. Consequently, 
the finished cabinet has a smooth appearance on both 
the flanges and the curved corners forming the crown 
of the cabinet. 

After one corner of the cabinet is formed, the 
blank is then advanced through the die to make the 
second bend. The wing then returns to its original 
horizontal starting position as shown in Fig. 11. The 
completed part is then removed from the rear of the 
tangent bending attachment. 
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This method has been successfully applied in 
forming cabinets from both cold and hot-rolled steel 
in 20, 18 and 16-gauge thicknesses. Thinner materials 
than 20 gauge are avoided in order to eliminate the 
possibility of tearing the sheets. An adjustment is 
provided on the upper die, however, to permit the 
handling of various thicknesses of metal in the same 
set-up. 

With this forming method, flanges are compressed 
with very little stretching in the body of the sheet. 
To secure an unwrinkled flange, the flanges as a rule 
should not be deeper than one third of the radius. 
For example, if a 3-in. radius is desired without wrink- 
ling, the flange should be kept to approximately lin. In 
cases where the edge of the blank is the triple-flange 
type, however, as in this case, the flange depth may have 
to be reduced to 7 in. or the corner radius may have to 
be slightly increased. As a rule, stress marks may 
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Fig. 9 (above). Diagram of operation shown in Fig. 8. 


Fig. 10 (below, left). Tangent bending attachment. Upper 
die A is bolted to extended ram B, while lower die C is held 
on bed D of the press brake. 


Fig. 11 (below). The completely formed cabinet is now 

ready to be removed from the tangent bending attachment. 

The rack and gear-actuated wing has returned to a horizontal 
position. 

















Fig. 12. “Telefax” cabinet. 


appear on adjoining areas of the sheet only when 
forming sharper corners than those mentioned above. 
The tangent bender is more successful if the corner 
radii are anywhere between 1 in. and 5 ins. However, 
tangent bending equipment is even available for making 
bends up to a radius of 12 ins. If greater production 
is desired, it can be doubled by installing a tangent 
bender at both ends. When production requirements 
exceed 200 cabinets per day per machine, it is generally 
preferable to have a special-purpose unit. 

It is interesting to note that tooling for the tangent 
bender attachment is quite inexpensive. The lower 
die wing and rack need never be changed. The air 
cylinder operates on ordinary shop pressure of 70 
psi, and the stroke is adjustable anywhere from 
0 to 90 deg. 

Since the elastic limit of the metal is seldom reached 
by the stress set up in this method of forming, allowance 
is generally made in the dies for spring-back after 
forming. The exact amount of spring-back is deter- 
mined by running through a few experimental samples. 
As low-cost dies are used, the dies can easily be re- 
worked after forming a few parts. 

So far, we have merely dealt with cabinets which 
are required in fairly large quantities. It happens 
quite frequently, however, that a manufacturer is 
asked to produce only a very small number of cabinets; 
yet these should be of pleasing appearance and pro- 
duced within reasonable cost. It is obvious that a 
different manufacturing technique will have to be 
adopted. Often, the use of prefabricated standard 
parts screwed together may entirely eliminate tool and 
die investments. 

If the shape of the cabinet does not conform to 
simple geometrical forms, that is, if its functional 
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purpose necessitates wide variation in contour, arc weld- 
ing is likely to prove the most economical process of 
manufacture. Arc-welded cabinets lend themselves to 
flexibility in form and design. This flexibility permits 
the development of a functional yet attractive unit 
adapted to conform to the requirements of the equipment 
enclosed. 

As an example, let us consider the cabinet for the 
automatic Telefax? machine as shown in Fig. 12. The 
cabinet is constructed of sheet steel. Rounded con- 
tours and recesses, made possible by continuous arc 
welded joints, were necessary to conform to the require- 
ments of the Telefax mechanism and the coin receiver. 
Only for arc-welding procedure could the construction 
of a cabinet of such required variation in contour be 
reasonably considered. Complexities in contour, how- 
ever, with smooth, uniformly ground, arc-welded joints 
in no way detract from the finished appearance. 
































Fig. 13. Details of “ Telefax” cabinet. 


As shown in the exploded view, Fig. 13, the rounded 
surfaces are joined to vertical clip members by 
spaced arc welds; similarly, the clip members are 
welded to the side panels. This joint construction, in 
effect, provides the strength of a tubular member and 
a flat rigid surface for welding the doors in place. Con- 
tinuous hinges were used in preference to spaced butt 
hinges to improve the appearance. 

A toe space, 5 in. high, protects the lower extremity 
from shoe marks. The toe space is formed by a 
cross-panel securely welded in place against the side 
panels, and by an extension of the lower shelf rigidly 
supported on a channel-cross and welded in place 
against the side panels. Other parts of the main 
cabinet are of conventional design with the exception 
of the 3-in. recess or opening at the top for receiving 
the writing shelf. The doors are of panel design with 
rib stiffeners, which are formed for spot welding with 
a few spaced tack welds near the ends. 

The writing shelf consists primarily of a single 


(Concluded on page 444.) 


2Telefax is a distant facsimile communication. The description 
and illustrations of this machine have been taken from V. Weid- 
ner’s article in the book Design for Welding, published by the 
James F. Lincoln Arc Welding Foundation, pp. 387-391. 
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Properties of Conductive Plastics 





(From Electronics, U.S.A., Vol. 22, No. 10, October, 1949, pp. 96-99, 7 illustrations.) 


AN increasing number of engineering problems require 
for their solution structural assemblies having selected 
properties of both metals and plastics. 

Electrically conductive materials which can be 
moulded like ordinary plastics and directly plated offer a 
solution to many of these problems. Quite apart from 
serving as a base for electro-plating, the materials have 
other useful and unique applications as engineering 
materials. Thermosetting, thermoplastic and elasto- 
meric variants have been produced, many of which 
exhibit enhanced thermo-conductivity and heat stability. 

























Utd, = 

MARKITE & 

ONDUCTIVE 4 x2 

PLASTIC nes > 

MATERIALS) 2 wo 3 4208 

$a $9338 

Ae severe 

Wy GLASS = 2 

: 3) Yn 

Ag YU Wy RUBBER => & 

nn 

METALLIC eNO 
\iHg MENTS ORY HARD” WOODS 
ers) 








et a oO 4 8 12 16 20 
LOGARITHM OF RESISTIVITY 


Fig. 1. Resistivity spectrum of conductive plastic materials. 


As indicated in Fig. 1 conductive plastics have been 
prepared which encompass a fairly extensive range of 
resistivity values. Appearances vary from dark, opaque, 
materials of semi-metallic appearance to completely 
transparent ones. Most of these materials may be 
classified as organic plastics and seem to depend chiefly 
on high polymeric carbon-carbon chains and networks 
for their plastic structure. 

Current costs are of the order of several dollars per 
pound. Since the moulding operations are normally 
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not conventional and special precautions must be 
observed, present arrangements are such that parts 
moulded to the user’s specifications will be supplied, 
rather than moulding powders. 

More detailed properties of representative conductive 
plastics are indicated in the bar-graphs of Fig. 2, which 
also provide a reference comparison with the familiar 
general-purpose phenolics. In order to have a more 
specific yardstick and a cross-check on the test methods, 
specimens of a single typical general-purpose phenolic 
were included as test controls. From Fig. 2, which is 
self-explanatory, it will be seen that the new conductive 
material behaves like the reference phenolics with respect 
to all of the general and mechanical properties. As 
regards thermal properties, it is of importance that the 
thermal expansion coefficient is in the range of general- 
purpose phenolics permitting the combination of the 
two plastic materials without shrinkage difficulties. 
Composite mouldings of both materials exhibit good 
integral bonding characteristics. 

Electrical conductivity is of the order of 10'? times 
that of the general-purpose plastics, and definitely in 
the range of the substantial electrical conductors. 
However, low resistivity is in itself of little value for 
most electrical applications unless reasonable pre- 
dictability and reproducibility of behaviour with respect 
to the chief operating variables can be expected. Im- 
portant variables include temperature, current density, 
duration of loading and frequency. The resistivity 
increases in a simple and essentially linear manner with 
increasing temperature, as indicated in Fig. 3. The 
temperature coefficient of resistivity of approximately 
+Q-2 per cent per degree C is, for many purposes, 
desirably low. The value is roughly one half that of 
the most familiar conductor materials—copper, silver 
and aluminium. 

The effect of current density on resistivity is indi- 
cated in Fig. 4. For current density up to about 16 
A/cm?, the resistivity is independent of the current 
density and the material follows the simple Ohm’s 
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Fig. 2. Twelve properties of a representative conductive plastic material. 
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Fig. 3. Effect of temperature on resistivity. 
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Fig. 4. Effect of current density on resistivity. 


law. In the neighbourhood of 30 A/cm? destructive 
pyrolysis appears to take place. At lower current 
densities the behaviour is reversible and resistivity 
values check on repeated testing cycles. The increase of 
resistivity in the 10-30 A/cm? band is primarily a 
temperature effect. At moderate and low current 
densities, the resistivity is stable and apparently ex- 
hibits no tendency to drift or vary significantly after an 
appreciable number of hours of continuous loading. 

For the range from d.c. to 40 Mcps, resistivity 
appears to be independent of frequency. 

A number of these conductive plastics are compatible 
with each other and can also be blended with certain 
conventional insulator plastics to yield materials of 
intermediate resistivity. Predictable and reproducible 
variations can also be secured, within limits, by the 
incorporation of different fillers and plasticisers and 
modifications of the processing methods. It is thus 
possible to produce plastics of prescribed resistivities 
over a substantially continuous range of values. The 
extent of this range has been indicated in Fig. 1. It is 
thus feasible to design materials having any desired 
resistivity from approximately 1 megohm-cm to less 
than 1 milliohm-cm. There is evidence that the range 
may be extended upwards to at least 1 million megohms 
and probably may be extended downwards to values 
approaching 10 micro-ohms. 

Resistivity values for a number of specific conductive 
materials are given in Fig.5. Of those listed, MP-401-8, 
MP-401-11, E-473 and M-485 are thermo-plastic ; the 
others are thermo-setting. A unique member of the 
series is E-473, which has distinct rubber-like properties, 
but 1000 times the conductivity of the highly conductive 
rubbers. 

_ In many applications, such as devices intended for 
aircraft use, low total weight is particularly desirable. 
Similarly, low density is often desired of parts which are 
to be rotated at high speeds in order to minimise 
centrifugal stresses. The favourable conductivity/ 
weight ratios of a number of conductive plastics com- 
mend them for such purposes. The strength/weight 
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Fig. 5. Resistivity values of various conductive plastics. 


ratios also compare favourably with those of metals. 

Due to the wide range of resistivities, a wide range 
of resistances may be secured by merely varying the 
path length and cross-section. It is just as easy to 
mould a tapered resistor or the key-member of a tangent 
potentiometer as it is to mould a plain uniform linear 
resistor. Cooling fins can be moulded integrally. 
Many devices, such as certain wave guide auxiliaries, 
attenuators and pads, require high surface conductivity, 
and often intricate shapes are involved which demand 
elaborate machining and close tolerances. Conductive 
plastic parts precisely moulded and directly plated with 
silver are promising for such applications. There is 
evidence that wide but controllable variations of resis- 
tivity with temperature may be designed into these 
conductive plastic materials. 

Static electricity is a frequent source of annoyance. 
Storage containers, casters, handles, funnels and labora- 
tory appliances, in general, moulded from conductive 
plastic materials, will not build up undesirable static 
charges. Cabinets, instrument cases and _ related 
articles may be simultaneously furnished with shielding 
properties at the time that they are being moulded on a 
mass-production basis. 

By composite moulding of compatible conductive 
and ordinary plastics of matched temperature coeffi- 
cients, composite assemblies may be fabricated in which 
the joints and interfaces are liquid-tight and gas-tight 
and will remain so over a wide temperature range. 
Two or three-dimensional electric circuits can also 
be moulded. Instead of requiring a panel on which to 
mount wires and terminal equipment, or to print a 
circuit with conductive ink, the wiring itself may be 
moulded, threaded, tapped and heat-bonded to provide 
a compact and adequate support for valves, capacitors 
and other parts. Certain conductive plastics may be 
soldered to directly. Such moulded circuits may be 
used by themselves or in co-operation with printed 
and other circuits. 

Plastic commutators are special examples of moulded 
three-dimensional circuits. Apart from simplified 
fabricating procedures, possible advantages include the 
natural tendency for matched plastic conductors and 
plastic insulators to wear down together more uniformly. 
By similar matching of thermal expansion coefficients, 
close relative dimensional tolerances may be preserved 
over a wide temperature range. 
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CLUTCHES 


Magnetic Fluid Clutch in Servo Applications 


By A. NELSON. (From Electronics, U.S.A., Vol. 22, 
No. 11, November, 1949, pp. 100-103, 10 illustra- 
tions.) 


THE possibility of using the magnetic fluid clutch* in 
servo-mechanisms has led to a thorough investigation 
of this device. The following general conclusions 
were reached: 1. The natural frequency of a servo- 
mechanism incorporating magnetic fluid clutches de- 
pends on the design and dimensions of the latter. 
Using, for instance, a clutch of disc design, the rotor 
having a diameter of 3 in. and a thickness of 1/16 in. 
and the magnetic fluid cavity being 1/16 in. in width, 
the natural frequency is below 30 cps. This limit is 
mainly due to the transient speed response of the 
clutch, 0-007 second being the smallest time lag ob- 
tainable with the clutch tested; the time of rise to 
1620 rpm of 0-02 second was the maximum obtainable 
acceleration. Various diagrams give detailed test results 
which also show that the dead time depends to a great 
extent on the applied exciting voltage. 2. Maximum 
transmitted horse-power with rotor and stator locked 
is limited only by the size and strength of the structural 
materials used. 3. Maximum transmitted torque with 
slip between rotor and stator depends primarily on 
the ability of the clutch to dissipate large quantities of 
heat. 4. For a 3-in. single-disc clutch, speeds below 
3000 rpm give no trouble from a centrifugal packing 
of iron on the rotor periphery. The effect of centri- 
fugal forces on the fluid—iron powder mixture and 
thereby on the torque can become very pronounced 
if the clutch has been running idle for some time. 
This effect as well as the influence of the viscosity of the 
magnetic fluid on the performance of the clutch are 
illustrated by diagrams. 5. A high nickel steel should 
be used for stator and rotor to eliminate adverse effects 
of hysteresis on these components. 6. An increase 
in torque using the same excitation current, and an 
improvement in general characteristics, can be obtained 
by using rotor discs with concentric holes near the 
periphery. 7. Magnetic fluid clutches are not recom- 
mended for use on spring loads unless provision is 
made for heat dissipation. 8. The ratio of residual 
torque to maximum torque varies according to design, 
but in the case tested, this was about 6 to 1000. 

A servo-system with magnetic fluid clutch for quick 
response used as a voltage-multiplying device is des- 
cribed, and the electrical circuit diagram is shown. 


*See also The Engineers’ Digest, August, 1948, pp. 260-261. 


PHOTO-ELECTRIC CONTROL 


A Method for Determining the Mercury Content 
of Air 


By H. vAN SUCHTELEN, N. WARMOLTz and G. L. 
WIGGERINK. (From Philips Technical Review, Holland, 
Vol. 11, No. 3, September, 1949, pp. 91-97, 5 illus- 
trations). 





EXPOSURE for some length of time to an atmosphere 
contaminated with mercury vapour may be dangerous 
for human beings when the air contains more than 100 
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vg mercury per m', as established by American scien- 
tists. The method described in this article for deter- 
mining the mercury content of air is based upon the 
property of the mercury atom to absorb radiation of 


the wavelength 2537 A. Part of this radiation, supplied 
by a low-pressure mercury-vapour lamp, passes through 
a measuring tube, through which the air to be tested 
is conducted and is then directed upon a photocell, 
whilst another part is thrown directly upon a second 
photocell. The two photo-electric currents are com- 
pared by means of a compensation circuit, with a 
tuning indicator used as zero device. The two methods 
by which the apparatus described is calibrated are 
briefly discussed. Mercury concentrations of 1 to 
200 per cent of the limit dangerous for human beings 
can be measured. Various possibilities of application 
are mentioned. This mercury-vapour detector appears 
to be sensitive also to all kinds of organic vapours, 
but to a much less degree compared to mercury, 
so that this does not cause serious interference. Ad- 
vantage can be taken of this property of the detector 
for measuring also the concentration of these organic 
vapours. 


REFRIGERATING ENGINEERING 


Artificial Cooling in the Laboratory and in 
Industry. 


By H. DigTLer. (From Elektrizitdtsverwertung, Switzer- 
land, Vol. 24, Nos. 6/7, September/October, 1949, 
pp. 136-140, 14 illustrations.) 


THE article gives a survey of some more recent appli- 
cations of artificial cooling, mainly in the engineering 
industry. 

By a deep-freeze treatment, i.e., by quenching steel 
from room temperature to about—80 C, a transform- 
ation of the structure of the steel takes place, in which 
austenite is transformed to martensite. This produces 
not only an improved, but also an almost entirely 
homogeneous hardness. Tools, machine parts, etc., 
made of such steel show a durability 50 per cent higher 
than that of corresponding parts not so treated. For 
instance, a drill which could be used for drilling 500 
holes could be used for 800 after deep-freeze treatment. 
In addition, contrary to the effects of heat treatment, 
the deep-freeze treatment causes no internal stresses 
and consequent changes in dimensions. Instead, the 
structure is stabilized so that parts treated will keep their 
true shape longer. This is especially important for 
gauges and for work to very close tolerances. 

Instead of shrinking with a bore on to a shaft by 
heating until the bore has expanded sufficiently, the 
shaft may be cooled so much that its reduced diameter 
will enter the bore. Changes in shape or in physical or 
chemical structure due to heating can thus be avoided. 

Precision apparatus, especially for aircraft, is often 
tested at very low temperatures (—60° C) and pressures 
corresponding to actual conditions when flying at 
extreme altitudes. 

By cooling lubricants used for machining operations 
(high-capacity lathes, drills. etc.) to about 5° C, output 
can be increased by as much as 50 per cent, as higher 
speeds are permissible without overheating the tools. 
At the same time, evaporation of the lubricant is reduced 
or eliminated. 
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STRESS ANALYSIS 





Stress Increase and Stress Reduction by Arrange- 
ment of Multiple Notches. 


By A. THUM and O. SvENSON. (From Schweizer 
Archiv, Switzerland, Vol. 15, No. 6, June 1949, pp. 
161-174, 32 illustrations.) 


Any sudden reduction in the cross-section of a stressed 
material by means of a groove or a hole leads to stress 
concentrations and increased maximum stresses. If 
however, several such grooves or holes are arranged 
in series in the direction of the flow of force the stress 
disturbance and, therefore, the maximum stresses may 
again be slightly reduced. It is known, for instance, 
that a single thread of a screw has a worse notch eifect 
than several threads. Notches arranged in parallel i.e , 
side by side, transversely to the flow of force, may 
increase the maximum stress, or leave it unchanged, or 
even reduce it. In general, if the distance between 
notches or holes is sufficiently large so that the ensuing 
stress disturbances do not interfere with each other, 
the maximum stress is not appreciably affected unless 
the total unnotched cross-section is reduced by more 
than 20 to 30 per cent. Thus, if a plate or tube under 
tension contains one small transverse hole, two or three 
other holes can be arranged side by side with the first 
one without any effect on the value of the maximum 
stress. Semi-circular notches at the side of a plate 
under tension do not increase the maximum stress as 
much as does one hole at the centre of the plate width. 
In certain cases, the addition of such side notches may 
even reduce the maximum stress in a plate with a central 
transverse hole, inasmuch as regions with low stresses are 
then carrying higher stresses and take a greater part of 
the total load. As soon as the stress disturbances of the 
separate notches interfere with each other, the maximum 
stress increases appreciably. Very high stresses appear 
if narrow bridges of material are left standing between 
notches or holes, or between one notch or hole and the 
smooth edge of a piece. If these bridges stand on their 
own (hole drilled near the edge of a plate), their failure 
does not necessarily lead to the destruction of the whole 
specimen. If, however, a local crack can spread into 
adjacent material (oil hole in a crankshaft drilled too 
near the crank edge), total fatigue failure ensues. The 
maximum stress at the root of a notch is also increased 
when the lower stresses in the remaining cross-section 
are further reduced by notches or holes arranged in 
neighbouring cross-sections (Z-arrangement of rivet 
rows). 

Stresses due to bending are not uniform over the 
whole cross-section, but fall towards zero at the neutral 
fibre. A small transverse hole at the neutral axis may, 
therefore, slightly increase stresses at the edge of the 
hole and, thus, in its total effect, reduce the maximum 
fibre stress at the outside of the reduced cross-section. 
The resulting stress disturbances, however, extend over 
the neighbouring cross-sections, and here the maximum 
fibre stresses are increased because of the disturbance— 
given that the bending moment is constant over the 
affected length. Bending fatigue fractures in bars with 
a small transverse hole at the neutral axis do in fact 
occur outside the reduced cross-section and do not 
touch the hole. If the bending moment is not constant 
over the test length, a small transverse hole at the point 
of highest bending moment may well increase the fatigue 
strength of a bar! As the diameter of the transverse 
hole increases up to one half of the total depth of the 
bar, the stresses at the edge of the hole increase and 
finally exceed the maximum outside fibre stress ; the 
overall strength of the bar is then again reduced. Ifa 
bent bar has a transverse hole in the plane of the bending 
Moment, then an additional transverse hole in the 
Plane of the neutral axis (perpendicular to, and 
intersecting, the first hole) may reduce the stress 
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concentration, but cannot reduce the absolute maximum 
stress, as the decrease of the total section modulus 
outweighs the advantages gained from the point of 
stress concentrations. The crossed transverse holes 
may, however, increase the fatigue strength of a rotating 
bar under bending forces as compared with that of a 
bar with a single transverse hole. The reason is the 
reduction of the stress fluctuations, since the section 
modulus does not vary as extensively with the rotational 
position of the bar. This effect is dependent on the 
force distribution, stiffness, and speed of the system. 

Notches or holes arranged in three dimensions at, 
or in the vicinity of, one cross-section lead to inter- 
ference of their separate stress disturbances and, 
therefore, to increased maximum stresses. The re- 
sulting effect cannot easily be determined experimentally 
and does not correspond to a superposition of the 
separate effects. The authors have evolved an approxi- 
mate method of calculating the combined effect based 
on the stresses in bent plates with transverse holes. 
The material at the root of one notch is considered to be 
part of such a bent plate, the additional notch being 
compared, in its effect, to the hole of a corresponding 
flat plate. The thickness of the substituted bent plate 
is obtained from the stress gradient in the immediate 
vicinity of the root of the notch. 

Points of attack of concentrated loads are always 
points of stress concentrations and disturbances. Any 
notch in the immediate vicinity of such a point must lead 
to increased maximum stresses. These types of stress 
concentration are very frequent and appreciably affect 
the fatigue strength of the part. Typical examples 
are screws, bolt heads, rivets, etc. 





Some Aspects of Cabinet Design 
and Production 


(Concluded from page 440) 


sheet to form the top, sides, back, and front, including 
the part of the bottom which overhangs the front sur- 
face of the cabinet. Separate pieces are required for 
the construction of the sunken tray, door stop, and 
spring catches. It is the large single sheet which, in 
a sheet metal shop, readily lends itself to fabrication 
by arc welding. The steel is punched in the flat, allow- 
ing material to form the top, sides, back, front and bot- 
tom flanges. The complete shelf slips snugly into 
place in the recess of the main cabinet and is firmly 
held by spring clips. 

It is not possible, in the limited space at our dis- 
posal, to give a complete picture of all factors with 
which the cabinet designer may be confronted. Sur- 
face finish, for instance, which is a very important subject, 
had to be omitted entirely, although it affects appearance 
to a considerable extent. 

In conclusion, it may not be out of place to say a few 
more words about appearance design. Our American 
friends sometimes refer to it as “styling for sales 
appeal?’ or “‘ streamlining,” and the latter term has 
also been used in Great Britain, mainly by those who 
are not familiar with the meaning of streamlines. A 
manufacturer who calls in an industrial designer to have 
his products “‘ streamlined ” really means to have them 
modernised. To those who frown upon industrial design 
and regard it merely as a fad, we may answer with Van 
Doren’s words! “‘ Much so-called streamlining is imposed 
on the designer by the necessity of obtaining low cost 
through high-speed production. What may thus appear 
to be a captious preference for voluptuous curves and 
bulging forms in place of a more athletic spareness, 
proves to be one result of the evolution of fabricating 
methods and assembly-line techniques.” 
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Uphill 


work is 








easy — 


when you 
weld studs 
like a shot 


With the Nelson stud weld 
ing gun you can weld studs 
to steel in any position—on 
horizontal and on vertical 
surfaces and even over-head. 
This modern method is 14 
times faster than drilling and 





tapping because it is almost 
completely automatic. The equipment comprises a Nelsoy 
gun, automatic timer and D.C. generator. Operation is sim 
plicity itself. Just load the ‘ gun,’ hold it in position and fire- 
the equipment does the rest, in a split second. Nelson stud 
are so easy to fix that you can use them in place of bolts, pin’ 
and rivets. And every stud weld is neat, uniform and immense) 
strong. One secret of success in Nelson stud welding is the us 
of studs which are specially designed for the purpose. Nelsor 
studs are made from specially selected steel, end-loaded wil 
just the right amount of flux and sealed over like cartridges. 
If you have a job for studs send for the Nelson brochure 
which tells you all about this time-saving, cost-cutting technique 


NELSON 


STUD WELDING SERVIC 


CROMPTON PARKINSON LTD., PLANT DIVISION 
CROMPTON HOUSE, ALDWYCH, LONDON, W.C. 
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NEWS OF THE MONTH 














PERSONAL. 


Mr. W. Adam, B.Sc. (Eng.), A.M.LE.E., has been appointed 
to succeed the late Mr. J. Miller as Manager of the Glasgow district 
office of The British Thomson-Houston Co., Ltd. 

Mr. C. H. Bradbury, M.I.C.E., M.I.Mech.E., has been 
appointed chief engineer of Petters Ltd., Small Engine Division, 
Staines, Middlesex. 

Mr. N. G. Cadman has been appointed deputy works manager 
(engineering); Mr. K. H. Leech, chief mechanical engineer; Mr. 
C. F. B. Shattock, deputy chief mechanical engineer (design); 
Mr. J. W. Kershaw, deputy chief mechanical engineer (brakes); 
and Mr. H. M. Hoather, brake equipment engineer of the Westing- 
house Brake and Signal Co., Ltd., 82 York Way, London, N.1. 

Professor H. D. Conway, Cornell University, Ithaca, N.Y., 
has been awarded the D.Sc.(Eng.) degree of the University of Lon- 
don. 

Mr. C. F. Gimson has been appointed manager of the control- 
gear engineering department of the British Thomson-Houston 
Co., Ltd., Rugby. 

Mr. Stewart Scott Hall has been appointed director general 
of Technical Development (Air) of the Ministry of Supply. 

Colonel L. C. Hill, D.S.O., M.C., B.Sc., A.R.S.M., has been 
elected President of the Institution of Mining and Metallurgy, 
Salisbury House, Finsbury Circus, London, E.C.2. 

Mr. J. Houldsworth, A.M.I.Mech.E., has been elected 
technical director of A. A. Jones & Shipman Ltd., Leicester. 

Mr. Trevor Jenkins, M.I.Struct.E. has been appointed 
acting chief engineer of Guest Keen Baldwins Iron and Steel Co., 
Ltd., East Moors, Cardiff. 

Mr. G. Mackenzie Junner, F.R.S.A., M.I.Mech.E., has 
been re-elected Chairman of the Institute of Road Transport 
Engineers. Captain C. F. Roberts, M.C., M.I.Mech.E., Mr. 
N. G. Brookes, M.I.Mech.E., and Mr. W. E. Smith have been 
elected vice-chairmen. 

Rear-Admiral (E) D. C. Maxwell, C.B., C.B.E., 
M.I.Mech.E., F.R.S.A., has been appointed Engineer-in-Chief of 
the Fleet. 

Mr. James Mowat, B.Sc., F.I.M., chief of research, has been 
appointed special director of William Beardmore and Co., Ltd., 
Parkhead Steel Works, Glasgow, E.1. 

Mr. H. G. Nelson, A.M.1.C.E., A.M.I.Mech.E., A.M.LE.E., 
has been appointed deputy managing director of the English Electric 
Co., Ltd. He will relinquish his position as managing director of 
D. Napier and Son, Ltd., but will retain his seat on the Board. 
Mr. H. Sammons, M.I.Mech.E., F.R.Ae.S., has succeeded Mr. 
Nelson as managing director of D. Napier and Son, Ltd. 

Mr. C. A. P. Southwell, M.C., B.Sc., has been elected Presi- 
dent of the Institute of Petroleum, 26 Portland Place, London, W.1. 

Mr. R. Ewart Stavert, President of The Consolidated Mining 
and Smelting Company of Canada Ltd., who is also on the Board 
of Dominion Bridge Co., Ltd., Dominion Engineering Works 
Ltd., and other companies, has been elected a director of The 
International Nickel Company of Canada Ltd. 

Mr. Bernard Tebb, M.I.Mech.E., works manager of the 
Mastabar Belt Fastener Co., Ltd., has been appointed to the board 
of the Company. 


DIESEL-DRIVEN UNDERCAR POWER PLANT FOR 
RAILROADS 


A NEW diesel-driven undercar power plant for railway passenger 
car auxiliary power has been developed in the U.S.A. by the General 
Electric Company. Rated 30-kW, the unit is designed for mounting 
underneath any new or rebuilt passenger cars with sufficient clear- 
ance to allow unrestricted movement on any railroad in America. 

The power plant consists of a 50-hp Buda diesel engine and 
an alternator that provides 220-volt, three-phase, 60-cycle power. 
The 4-cycle engine has a displacement of 273 cubic inches. The 
alternator has a maximum gross rating of 33-8-kva and with its 
ultra-high speed amplidyne exciter and static-type regulator, has 
been designed to handle the present-day car loads with power to 
spare. 

_ One of the major advantages of this type of plant is the elimina- 
tion of the load on the locomotive which is produced by axle-driven 
generators. It has been estimated that as much as 20 per cent of 
the load on a passenger train locomotive under limiting conditions 
of acceleration will be the axle generator drag. Faster train schedules 
ce trains will be possible when the diesel power plant is 
applied. 

Although the diesel-driven set weighs 4800 pounds, the increased 
weight of the batteries, cable, air conditioning motors and drive 
unit necessary with an axle-driven generator make the diesel-driven 
set lighter than the conventional undercar power plant. 

A unique mounting arrangement on the new G-E power plant 
makes maintenance easy by enabling the power plant to be swung 
out of the box and out from under the car. 

. Engine water is cooled by a separately-mounted radiator which 
is blown by a motor-driven, propeller-type blower. The operation 
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of the blower is controlled by a thermostat so that the engine water 
temperature is held between desired limits. 

Noise from the power plants has been minimized through 
special insulation and mounting so that it is practically impossible 
to hear the plants from the inside of the car. The inside of the box 
and the air intake and outlet ducts are sound-insulated and the 
box is suspended on rubber mounts. The power plant is doubly 
isolated by being suspended on rubber within the box. 

The power plants have been designed to operate in parallel 
so that an entire train can be train-lined, thus assuring maximum 
reliability. The alternators are designed so that no synchronizing 
equipment is needed to parallel sets. 

Another advantage of the sets is the relief that can be given the 
diesel-electric locomotive steam boilers. The 30-kW diesel genera- 
tor not only affords about 20-kW of electric heat but also makes 
available a large supply of potential heat in both the engine jacket 
water and the engine exhaust. It is estimated that an efficient 
car heating equipment will be able to recover about 18-kW of ex- 
haust heat and about 25-kW of waste heat from the jacket water. 
This means about 214,000 btu total heat available for heating the 
Passenger car. 

The power plants are the result of years of research and de- 
velopment and have been proved under months of operation with 
trial installations. The Illinois Central Railroad has two sets 
operating on its new all-electric dining car and new equipments 
are already being built for other railroads. 


STANDARDIZING MINING EQUIPMENT 


INCREASED efficiency through standardizing of many types of mining 
equipment are being achieved by the National Coal Board. The 
Board have representatives on more than 50 British Standard 
Institution committees, drawn from manufacturers, consumers and 
other increased bodies which deal with many pieces of equipment 
from nuts and bolts to locomotives. 

The N.C.B. control nearly 1,000 collieries. When they took 
over the mines, for instance, there were in use about 100 different 
types of arch rings (used for roof support on underground roadways 
in place of the old-fashioned prop and top). About 2 million 
rings weighing a quarter of a million tons are used every year. 
Under the process of standardisation types of arch rings have been 
reduced to about 25 and it is hoped to bring them down further. 

About 40,000 tons of light rails covering a thousand miles of 
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PROCESS 


Parts worn or accident- 


ally machined undersize, 
can readily and safely be 
salvaged by Brailey 
heavy nickel deposition. 
Nickel can also be used 
to withstand heavy cor- 
rosive attack. 


Full particulars of this 
and other Brailey de- 


position methods in our 
32 pp. book. 
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STEAM, WATER, AIR, GAS, SPIRITS, 
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Pressure Range: 5 lbs O” to 200 Ibs 0” 
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—_ as molasses 
or mobile as spirit. 


from 150-250,000 | 


GALLONS PER HOUR 














Drum Pumps can do it 


A consideration of the following points will show 
why “DRUM” Pumps are continually being called 
upon to meet so many different needs, in all 
branches of industrial pumping :— 


® Will pump thin or thick 
liquids. 

Suitable for high or low 
speeds. 

® Positive action. 

® Continuous flow. 

® Can be steam-jacketed. 

® Valveless and no air vessels. 

Rugged construction. 


The diagram shows how a continuous flow is obtained 
by the action of the revolving piston. Amongst other 
advantages, this preserves the equilibrium of emulsions 
or suspensions. 





ALL ENQUIRIES TO: 


TheDrum Engineering Co. Ltd. 


HUMBOLDT STREET, BRADFORD. 
LONDON OFFICE: 38, VICTORIA STREET, WESTMINSTER, S.W.1 
TELEPHONE: ABBEY 3961 
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single track are laid each year in the mines. 
the 20 types in the old standard to about six. 

The Board have already produced a standard range of solid 
and drop-bottom mine cars, and a standard prefabricated washery. 
In addition to light rails, attention is being devoted to guide rails, 
tub wheels, arch sections, surface steam locos, fire-fighting and dust 
suppression equipment, electric motors, miners’ lamps and winding 
and haulage ropes. 

Further standardization will shortly be undertaken to cover tubs, 
tracks, cables, conveyors, rope pulleys, shaft and safety harness, 
and pithead baths fittings. 


AGREEMENT BETWEEN THE GOVERNMENT OF INDIA 
AND STANDARD TELEPHONES AND CABLES LIMITED. 


The Government of India has concluded an Agreement with 
Standard Telephones and Cables Limited, London, for the estab- 
lishment of a factory in India for the manufacture of all of the 
Country’s requirements of communications cables, including those 
for subscriber-to-exchange connections, for long distance trunk 
circuits and for multi-channel transmission systems. 

The Agreement is for a period of twenty years during which 
time Standard are appointed Technical Consultants to the Indian 
Government, who will thus have the benefit of Standard’s vast 
experience in the telephone cable manufacturing field and freedom 
to use in the Indian factory all of Standard’s present and future 
cable patents. In return Standard will be permitted to use in their 
own tactories any patents or improvements in manufacturing 
technique which may emerge from the Indian factory. 

The factory and plant—all of which will, it is expected, be 
purchased in Great Britain—will be Government owned and 
operated employing eventually all Indian staff and operatives. It 
is anticipated that the output of the Unit will reach a value of 
£750,000 per annum in some three or four years time and provision 
will be made for the inclusion of facilities for the manufacture of 
new types of cable as these are developed. 

Standard will advise the Government on the design of the 
factory and will prepare the plans for the layout of the plant, much 
of which will be to Standard’s own specifications. Indian manu- 
facturing and technical staff will undergo a detailed course of 
training and instruction in the Standard factories in England but 
Standard will also provide from their own organisation key personnel 
who will assist the Government until the factory is in full operation. 

Though the manufacturing programme for the factory will be 
based primarily upon the Indian Government’s own requirements, 
the Government has the right to supply telephone cables from its 
factory to the Administrations of Burma, Ceylon and Nepal, as 
well as to the non-Government market in India. Of any of the 
telephone cable demands of the Government which cannot be 
produced in its own factory, Standard Telephones and Cables 
Limited will normally supply the requirements. 


BUSINESS NOTES. 

The 40th Anniversary of Woods of Colchester Ltd. was 
celebrated recently by a dinner at which the guest of honour was 
Sir Harry Railing, Chairman of The General Electric Co., Ltd. 

From a small beginning in 1909 the Company has grown into 
the largest single works in the world specialising solely in the 
complete manufacture of propeller and axial flow fans, including 
the electric driving motors. 

_ Some 70,000 fans produced by Woods of Colchester annually, 
include Aerofoil fans with contra-rotating impellers developing 
Static pressures up to 7 ins. water gauge; propeller fans up to 72 
ins. diam; Auxiliary Mines, man cooler fans and other types. 

a Drysdale & Co., Ltd., have arranged to use the Engineering 
Centre, Glasgow, as a permanent showroom and now have on 
display a selection of Land and Marine Pumps and Steam Engines. 
An interesting departure from the normal finish of industrial 
machinery is their use of a variety of bright colour finishes. 


“ Doncaster Can Engineer It,” an Exhibition of Engineering 
Products made in Doncaster, will take place in the Technical 
College from the 4th to the 11th February, 1950. The Exhibition 
will be open until 9 o’clock each evening. In addition to showing 
actual manufactures, firms will exhibit machines in motion and 
there will be a series of film shows. 


“Welded Bridges of the Future.” To promote the building 
of better bridges for less money the James F. Lincoln Arc Welding 
Foundation is sponsoring the second ‘“ Welded Bridges of the 
Future’? programme. 

A first award of $5000 (£1,786) will be made for the best design 
submitted of a welded 250 foot highway bridge. The second 
award will be $2500 (£893), the third $1250 (£449). Ten honour- 
able mention awards of $200 (£72) each will also be given bringing 
the total to $10,750 (£3,839). Any designer or engineer is eligible 
for participation. The competition closes June 30th, 1950. 

. Rules and Conditions may be obtained from the James F. 
Lincoln Arc Welding Foundation, c/o Lincoln Electric Co., Ltd., 
Broadwater Road, Welwyn Garden City, Herts. 

_ Magnetism Birmingham 12 is the new telegraphic address 
of The Rapid Magnetting Machine Co., Ltd., manufacturers of 
permanent and electromagnetic separating and lifting equipment, 
Lombard Street, Birmingham 12. 


BOOKS 
The Electron Microscope and Its Application to Materials 
Problems. 48 pages. $1.25 per copy. Publishers: Technical 
Services, U.S. Department of Commerce, Washington 25, D.C. 
A basic introduction to the nature of the electron microscope, 
and its contribution to various types of materials problems. 
According to the manual, the ability of the electron microscope 
to reveal visually the size, distribution and shape of particles in the 
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submicroscopic region (less than 1/100,000th of an inch) is of 
particular importance in accounting for many of the physical and 
chemical properties of materials. An explanation is provided of the 
limitations of light microscopes in this realm. 

In addition to a theoretical discussion of the problem of image 
resolution, the manual provides practical information of the con- 
struction and operation of the electron microscope, and the pre- 
paration of replicas and specimens. 
ba yw applications of the electron microscope to the examina- 

finely divided matters and aggregates and to the inspection 
of surface details of metals, ceramics, and finishes are discussed. 
Possible future prospects for such fields as lubrication studies are 
mentioned. 

The report contains a number of photomicrographs as well as 


graphs and illustrations. 


“An Introduction to the Dynamics of Compressible 


Fluids,” an Air Force training course, is now available at $20 in 

photostat form, $6 in microfilm, from the Library of Congress, 

ey cn Service, Publication Board Project, Washington 
» D.C. 


The course, originally given at Brown University in 1946, was 


designed to equip beginners in the study of hydrodynamics for 
further work in gas dynamics research. The course presents basic 
principles and discusses types of problems and their solutions. 


Among new developments discussed are variational principles 


and hodograph methods. 


Main sections of the course deal with basic relations in gas 


dynamics: propagation of plane disturbances; steady flow through 
channels; steady subsonic potential flows; flows involving super- 
sonic regions; wave propagation in a barotropic fluid; compressible 
flow involving viscosity; and compressible boundary layer on a 
flat plate. 


BRITISH STANDARDS 


(Copies of British Standards may be obtained from the British 


Standards Institution, 24, Victoria Street, London, S.W.1) 
Methods for the Analysis of Iron and Steel. The following 


additional parts to B.S. 1121 have now been published:— 


Part 12: 1949 Silicon in acid-resisting high silicon iron. 
Part 13: 1949 Chromium in iron and steel. 
Part 14: 1949 Copper in carbon and low-alloy steels. 
Solutions required, test procedure and method of calculation 


are specified for each method. Price 1 - each. 


Graphical Symbols for General Engineering. There has 


hitherto been some lack of uniformity in the symbols employed in 
the preparation of schematic and other diagrams of engineering 
plant generally, and the B.S.I. has undertaken the preparation of a 
series of standards for graphical symbols by means of which parti- 
cular items of plant can be conveniently identified. Part I of this 








FORM TOOLS 


By W. F. WALKER, A.M.1.P.E., A.M.1.1A. 


“ Few books can possess greater practical value 
than this, for those connected in any way with 
production engineering. It is the most com- 
prehensive treatment of Form Tools of which 
we are aware and is intensely practical through- 
out, being written obviously from direct and 
intimate contact with every aspect of the 
subject.’’—The Toolmaker. 


Demy 8vo. Illustrated. 25/- 


SCIENTIFIC INSTRUMENTS 


Two books describing the wide range of scien- 
tific instruments in use today in laboratory, 
workshop, ship and aircraft. Both are written 
by specialists under the editorship of H. J. 
Cooper, B.Sc. 


Demy 8vo. _ Both fully illustrated. 
First book (2nd edition) - 25/- 
Second book - - - 30/- 


HUTCHINSON’S 
SCIENTIFIC AND TECHNICAL PUBLICATIONS 


Hutchinson House, London, W.|1. 











series deals generally with pipes, valves, and fittings used in con- 
nection therein. Price 2’-. 


Conversion Factors and Tables. Addendum No. 1 to 
B.S. 350: 1944. This addendum contains additional definitions, 
conversion factors, multiples and tables relating to cubic measures, 
weights, pressures, force, concentration, and traffic units, and a 
set of factors and multiples and a few extended tables for the con- 
version of units of thermal conductivity and conductance, heat 
flow and viscosity. 

At the request of users of B.S. 350, the addendum contains an 
index of the definitions, factors, and tables included in the two 
books. Price 2 -. 


Tests for Water Used in Steam Generation. These control 
tests have been drawn up as part of a series of B.S. publications 
dealing with boiler water treatment. Their main purpose is to 
ensure the maximum degree of uniformity in the methods of 
making tests and in the manner of expressing results. 

The standards when completed will cover the following groups:— 

“A” Control tests for which no laboratory is required. 
““B’’ Laboratory tests. 
“C” Special tests for investigation purposes. 

It has been decided to publish the Group “A” tests, without 
waiting for the completion of the other two groups. 

The tests in this group are of a simple character, and can be 
performed even where laboratory facilities are not available. They 
are sub-divided into those tests which are easy of application and 
those requiring more skill. The tests have been further sub- 
divided to cover raw water, softened water, condensates and boiler 
water, and give detailed methods for the following determinations:— 

Appearance, density, electrical conductivity, pH value, free 
carbon dioxide, alkalinities, total and ghost point hardness 
(Wanklyn method), alkaline hardness, non-alkaline hardness, 
calcium, magnesium, chloride, dissolved solids, phosphate, 
silica, copper, free chlorine, oil, sulphate, sulphite, dissolved 
oxygen, free and saline ammonia, aluminium, iron (dissolved, 
suspended and total). 

Appendices give detailed information on the preparation of 
indicators and standard volumetric solutions, whilst tables are 
er giving abbreviations, equivalents and conversion factors. 

rice 


Acid-resisting High Silicon Iron Castings. British Stan- 
dard 1591 covers the requirements for acid-resisting high silicon 
iron castings for chemical engineering purposes. 

The chemical composition of the castings and the procedure 
for chemical analysis are specified. Details are also provided relating 
to heat treatment, freedom from defects, porosity, repairs to castings, 
—T marking and packing, inspection and testing facilities. 

rice 2/-. 


Split Cotter Pins. (B.S. 1574: 1949). This standard gives 
the dimensions for ferrous and non-ferrous cotter pins from 1/32 
in. to 14 in. diameter, and prescribes the tolerances on the diameter 
on the length and on the form of the eye. A table is included 
showing the standard sizes of mild steel split cotter pins normally 
stocked by the manufacturers. Price 2/-. 


Thermal Insulating Materials Suitable for Use within 
the Temperature Range 200° F. to 450° F. (B.S. 1588: 1949). 
This British Standard forms one of a series being prepared for 
thermal insulating materials. Those already issued, B.S. 1304. 
B.S. 1334 and B.S. 1589—cover working temperatures up to 180° F, 
normally, and not exceeding 220° F. at any time. This standard 
covers higher hot surface working temperatures and is intended 
for use in connection with steam-raising plants, process plant and 
transmission lines containing hot fluids, excluding transmission 
lines buried underground. 

Tables of standard thicknesses are given, based on the manu- 
facturers’ declared value of thermal conductivity and repayment 
times of 40,000 hours and 20,000 hours. The former repayment 
time is intended for continuous use and the latter for intermittent 
use. An Appendix explains the method of calculation of these 
standard thicknesses. Other Appendices give the heat losses 
from bare pipes, the calculation of heat loss and thermal efficiency 
of insulating material, and recommendations regarding practice, 
application and finish for thermal insulating materials. Price 4/-. 


Radio Interference Suppression on Marine Installations. 
(B.S. 1597: 1949). This British Standard specifies the permissible 
limits of radio interference, for frequencies up to 30 Mc/s, which 
must be satisfied by the electrical appliances and installations pro- 
vided in a ship. Requirements are laid down relating to the radio 
receiving installations, the construction of the wireless room, the 
wiring installation, and electrical machinery. Notes are given on 
the components used for suppression, and tests are specified. The 
appendices deal with items of the electrical equipment of ships 
likely to cause interference, and with the principles and methods 
of suppression. Diagrams of suppressors are included. 

It is understood that.a radio interference measuring set, designed 
by the Electrical Research Association to meet Admiralty require- 
ments on hips up to 30 Mc/s, is being manufactured by 
Electrical & Musical Industries of Hayes, Middlesex. 

The Lords Commissioners of the Admiralty have stated that 
they have no objection to civilian organizations using the design 
and no charge will be made to cover the cost of development. The 
Admiralty set, a portable one, covers all the measuring tests pre- 
scribed in B.S. 1597. Price 4/-. 


Panel Type Air Filter Elements (SP. 20) deals with panel 


type air filter elements intended for use with internal combustion 
engines and compressors on aircraft. It is mainly a performance 
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specification and deals with testing of dry and wet (viscous film) 
type elements. Although there are no dimensional requirements 
in the standard, certain constructional requirements are specified. 
Dust samples taken from the filters in use on aircraft in different 
parts of the world were analysed both for constitution and size 
distribution in order to obtain a general specification for dust, 
that would be suitable for testing purposes. : : 
As a result the specification includes, in an appendix, a specifi- 
cation for a test dust which is required to consist of quartz or un- 
decomposed felspar. The standard lays down the method of 
carrying out the test, the results required, and the method of re- 
porting the test results. It also contains appendices dealing with 
analysis of the test dust, should this be necessary. Price 2/-. 





Classified Advertisements. 


The Rate for all classified advertisements is 6d. per word ; in bold 
print 9d. per word ; minimum order 6s. Box number advertisements 
ls. extra. Instructions together with remittance must be received not 
later than the 3rd of each month for advertisements to appear in the 
same month’s issue. 


WORK WANTED 


CASTINGS.—A small amount of immediate available capacity 
for precision aluminium gravity die castings, zinc pressure die 
castings. —Write or *phone Thos. Ashworth & Co., Ltd. (Dept. 
A/15/12), Vulcan Works, Burnley, Lancs. (Burnley 3505). 


MACHINERY, ETC., FOR SALE 


ALE about 2 tons 4” dia. CROTORITE Brazing Rods 
tape B.O.C. Boxes. Spec. GB/7210 ‘ALDA’ (90 Cu/10 Al). 
Box No.—P.M.1. 

SIX WICKMAN 4 m/m AUTOMATICS, fully motorised, in 
excellent condition, available for immediate use. Offered to users 
only. tox No. M.M. 12 


NISSEN TYPE HUTS, ex-Government stock, reconditioned 
and supplied ready for erection. All sizes in 6 ft. multiples. 36 ft. 
by 16 ft., £65 & £54; 24 ft. by 16 ft., £46 & £38 ; 72 ft. by 16 ft., 
£122 & £97; delivered U.K. Plasterboard huts and other build- 
ings. Some 24 ft. span Nissens.—Write, call or telephone, Univer- 
sal Supplies (Belvedere) Ltd., Dept. 50, Crabtree Manorway, 
Belvedere, Kent. Telephone No. Erity 2948. 











Save time, energy 
and money with the 





—"HE-MAN™ 


IRRESISTIBLE 
SHOCK ACTION 





WRENCH 
& SCREW 


A tip-top tool equal 
to the toughest job! 
Unscrews anything 
in a jiffy. Tightens 
to the “nth degree” 
without effort. A 
real investment for 
those who want 
better work in less 
time without extra 
effort. Must be seen 
in action to be appre- 
ciated. 


Send for details quoting Refs : ED/HM. 


Thos. P. HEADLAND, LTD 
164-168, WESTMINSTER BRIDGE ROAD, LONDON, S.E.I 


"Phone: WATERLOO $353 ‘Grams. TEEPAITCH, LAMB, LONDON 
IF ENGINEERS USE |1T—~MEADLAND sells it ! 


the sound 
of Big Ben 
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